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How a modern race ear compares witha modern passenger car in size 


Leading Racing Car Builders Use Agathon 
Alloy Steels for Vital Parts 


MEX and metal must be tried and tested before sd race. The driver 
who wins must have rare skill and unusual endurance. Tosurvive 
the terrific stress and strain, vital Pr ee axles, pistons, rods, 
gears, steering knuckles—must have super-strength. 
For years every leading racing car builder has relied exclusively upon 
Agathon Steels S provide the strength and safety required at tremendous 
Small wonder that practically all makers of pleasure and commer- 
cars avail themselves of these same qualities by using Agathon Steels. 
Many lines of industry are a: Agathon Alloy Steels. From loco- 
motives to machine tools, the r strength, longer life and lighter 
weight of these special-purpose steels are having their effect on design 
and performance. 
We offer our experience freely. The advice of our scentehts is at 
the disposal of any manufacturer using steel in any form. 


Central Alloy Steel Corporation, Massillon, Ohio 
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Electric Roller Hearth Furnace 


Heating Ring Gears and Small 
Metal Parts by Electricity 


is successfully and economically accomplished in the furnace 
illustrated above. 


It is adapted to a wide variety of stock, including smal! 
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DECARBURIZATION OF HIGH CARBON STEEL 
IN ““REDUCING’’ ATMOSPHERES 





By J. J. Curran Anp J. H. G. WiLuiAMs 


Abstract 























Many imstances have been observed by the authors 
of soft skin in high carbon steel parts which have been 
hardened under different commercial conditions but us- 
ually when precautions were taken to minimize scaling. 
A soft skin was also noted on high carbon tool and al- 
loy steels although heated for hardening under reduc- 
img conditions. 

Tests carried on by the authors indicate that car- 
bonaceous packing mixtures may be etther carburizing 
or decarburizing in their action, depending on the ac- 
tiwwating materal used in the mixture and on the tem- 
perature of heat treatment. It is concluded that pack- 
ing materials used to protect steel during heating op- 
erations probably are responsible for the skin softness 
of the steel after heat treatment. 









ace [GH earbon steels, as tool and spring steel, for instance, often 
present serious difficulties because the surface, after heat 
{ ; , 
nal! treatment, lacks the hardness to meet the service requirements. 
o Surface decarburization originating in heat treating or during 
wall earlier manufacturing operations is frequently the cause of such 
ber. difficulties. 
an- Under the title ‘‘Note on a Curious Case of Decarburization 
: A paper presented before the tenth annual convention of the society 
it. held in Philadelphia, October 8 to 12, 1928. Of the authors, who are 
members of the society, J. J. Curran is metallurigst with the Harrisburg 
Pipe Bending and Machine Company, Harrisburg, Pa., and J. H. G. Wil- 
liams is metallurgical engineer with the Henry Souther Engineering Co., 
a: Hartford, Conn. Manuscript received July 9, 1928. 
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During the Hardening of Steel Dies,’’ Greenwood (1)? describes an 
instance of soft surface skin on the faces of hardened dies which 
had been carefully protected from scaling during hardening by 
covering with powdered charcoal. Beneath the soft skin the stee] 
showed satisfactory hardness. Investigation proved that this soft 
skin was due to decarburization of the steel by the charcoal pro- 
tecting cover. Dies similarly treated, but without charcoal pro. 
tection, were hard on the surface, and decarburization was less 
marked. 

We have observed many instances of soft skin in high carbon 
steel parts hardened under many different conditions of com- 
mercial practice but usually when precautions were being taken to 
minimize scaling. High carbon tool and alloy steels have come to 
our attention with a soft skin although heated for hardening under 
reducing conditions, as in semi-muffle type gas furnaces operated 
with an excess of fuel, and in tightly sealed metal retort electric 
furnaces, where the parts charged were coated with oil from ma- 
chining operations, or when coal, charcoal, or carburizing com- 
pound was thrown into the retort to prevent sealing. In all of 
these instances, the scaling was relatively slight or entirely absent, 
but the product showed a soft skin of varying depth, below which 
the metal was hard. 

In all the cases mentioned, the original surface had been re- 
moved by machining operations. Since relatively short exposure 
to decarburizing influences produces skin decarburization in hard- 
ening, it might be expected that even more serious decarburiza- 
tion would result from the more prolonged exposure to which the 
steel is subjected in annealing operations, even though under 
protection of presumably ‘‘reducing’’ or ‘‘non-oxidizing’’ at- 
mospheres. 

Figs. 1 and 2 show the structures of the surface skin of two 
bars of the same steel, containing about 1.10 per cent carbon. The 
first bar was annealed commercially in an iron tube with the ends 
loosely sealed with clay, and at the same time, in a similar tube 
in the same furnace, the second bar was annealed, but with char. 
coal added to prevent scaling. As shown in the photomicrographs, 
little or no distinct decarburization occurred in the case of the 
unprotected bar, whereas an appreciable and distinctly visible 


"The figures appearing in parentheses refer to the bibliography appended to the paper. 
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Figs. 1 to 3—Photomicrographs Showing the Structure of the Surface 
Layer of 2 Bars of the Same Steel Containing 1.10 Per Cent Carbon. Fig. 1— 
Annealed Commercially in an Iron Tube with Ends Loosely Sealed with Clay. 
Fig. 2—Annealed in a Similar Manner to Fig. 1 but with Charcoal 
Added to Prevent Scaling. Fig. 8—Shows a Type of Decarburization in a 
Similar Bar which has been Hardened and Tempered to a Spring Temper After 
a Large Number of Cold Rolling Operations with Intermediate Annealing 
Treatments. The Steel was Protected Against Scale by Passing a Ourrent of 
Illuminating Gas Through the Annealing Pot. Figs. 1 and 2 Etched in 1 


Per Cent Nital for 30 Seconds. Fig. 3 Etched 20 Seconds in 1 Per Cent 
Nital. XX 100. 


loss of carbon did occur in the protected bar, resulting in a com- 
pletely decarburized surface, as shown by the rim of ferrite, with an 
underlying partially decarburized zone of ferrite and lamellar 
pearlite. The total depth of the zone of lowered carbon content is 
approximately 0.020 inch. 

In material which is to be machined after annealing, moder- 
ate decarburization resulting from annealing is not a serious dif- 
fieulty. In drill rod, or in other stock which is not to be machined, 
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and which must harden uniformly to the extreme surface, it does 
constitute a serious difficulty. As an illustration, thin flat spring 
stock which has a lowered carbon content in‘ the surface layers, 
might fail prematurely by ‘‘setting’’ under relatively low loads. 
or by fatigue in service. Fig. 3 shows a type of decarburization 
sometimes encountered in this material, in a sample which has been 
hardened and tempered to a spring temper, after a large number 
of successive cold rolling operations and intermediate annealing 
treatments. The annealing treatments were conducted at a tem- 
perature close to, but below, the eritical point. During the an- 
nealing operations, the material was protected against sealing by 
passing a current of illuminating gas through the annealing pot. 

The structure shown in Fig. 3 is particularly interesting in 
that it not only shows a partially decarburized rim about 0.003 
inch deep, in which the characteristic spheroids of excess cementite 
are absent, but also an underlying zone in which the spheroids of 
cementite are more numerous than in the una!tered interior of the 
metal. The actual cause of this phenomenon is not clear, but it 
is possibly a result of carbon absorption during the soaking portion 
of the successive anneals, followed by partial decarburization dur- 
ing the periods of cooling from the annealing temperature—all 
at a temperature just below the critical point. 

Examination of the literature on the subject of surface de- 
carburization discloses much that is contradictory. It does in- 
dicate, however, that the subject is complex, and that there are at 
least several factors which determine whether or not a given pro- 
tecting medium or packing material will be carburizing, neutral, 
or decarburizing. 

Portevin (2) has shown that salt baths containing high per- 
centages of ferrocyanides and cyanides, usually considered as car- 
burizing agents, actually lower the carbon content on the surface 
of high carbon steel, while at the same time increasing the carbon 
content of low earbon steel. In other words, such a mixture, at 
a given temperature, can either carburize or decarburize, depend- 
ing on the carbon content of the steel treated, the surface ulti- 
mately reaching equilibrium at about 0.30 per cent carbon content. 

Emmons (3) reports experimental results showing that steel 
is decarburized at temperatures above the critical point by C0., 
air, oxygen, and steam, and when iron oxide is present, by CO or 
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Figs. 4 to 7—Photomicrographs of 1.15 Per Cent Carbon Steel, Heated for 
> ulti- 4 Hours at 1275 Degrees Fahr. and Cooled Slowly in Furnace. Fig. 4—Packed 
, in Chareoal. Fig. 5--Packed in Charcoal Plus 10 Per Cent Sodium Chloride. 
mntent. Fig. 6—Packed in Charcoal Plus 10 Per Cent Sodium Carbonate. Fig. 7—Packed 


in Charcoal Plus 10 Per Cent Barium Carbonate. All Specimens Etched for 30 
t steel Seconds in 1 Per Cent Nital. X 100. 


~ 


CO,, by charcoal. Hydrogen or CO alone were found to produce no 
O or effects. No decarburization was found to occur in any case at tem- 
peratures below the critical point. 
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Figs. 8 to 11—Photomicrographs of 1.15 Per Cent Carbon Steel, Heated for 
4 Hours at 1275 Degrees Fahr., and Cooled Slowly in Furnace. All Specimens 
Etched 30 Seconds in 1 Per Cent Nital. Fig. 8—Packed in Charcoal. Fig. 9— 
Packed in Charcoal Plus 10 Per Cent Sodium Chloride. Fig. 10—Packed in 
Charcoal Plus 10 Per Cent Sodium Carbonate. Fig. 11—Packed in Charcoal Plus 10 
Per Cent Barium Carbonate. X 6500. 


Langenberg (4) has shown that a piece of white cast iron, 
containing 2.5 per cent carbon, and 1.1 per cent silicon, in a sec- 
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tion 1 inch wide by 14 inch thick, was decarburized throughout to 
an average carbon content of 0.50 per cent, by annealing at 1875 
degrees Fahr. in a current of illuminating (city) gas—a medium 
commonly considered as nondecarburizing, or even carburizing. 
The same gas failed to carburize a practically carbonless steel 
(ingot iron), except when a large excess of solid carbon was pres- 
ent in the annealing chamber. Hence, at atmospheric pressure, 
illuminating gas of the composition used appears to be a decar- 
burizing agent. 

Campbell, in his work (5), shows that steels of widely varying 
compositions can all be nearly completely decarburized by heating 
for a sufficient period at 1650 to 1920 degrees Fahr. (900 to 1050 
degrees Cent.) in hydrogen. 

Austin (6) showed that hydrogen, wet or dry, will decar- 
burize steels of 0.40 to 1.27 per cent carbon content, at tempera- 
tures from 1256 to 1832 degrees Fahr. (680 to 1000 degrees Cent.) 
In discussion of this paper, Rosenhain called attention to the fact 
that decarburization will occur when steel is heated in high vacu- 
um, in hydrogen, in nitrogen, in fact, under almost any condition 
where actual carburization does not occur. In his experimental 
work, the only practical method of preventing decarburization was 
by the use of hydrocarbons, in fact carburization. In the same 
discussion, Greenwood called attention to serious decarburization 
which occurs during commercial annealing operations on steel 
strip and wire, even when packed in cast iron chips. Rosenhain 
and Greenwood agree that carbon is soluble in iron, to a slight 
extent, at least, below the critical point. 

Knowlton (7) has described decarburization following normal 
carburization, in cooling from the carburizing temperature. 

Johansson and Von Seth (8) studied the decarburizing ef- 
fects of various gaseous mixtures, and pointed out that the rate 
of penetration of decarburization was materially reduced under 
conditions which caused the formation of surface scale. 

Schulz and Hulzbruck (9) state that decarburization of steel 
occurs in practically all gases and mixtures which are not actually 
carburizing. Treatment in pure nitrogen or very careful packing 
in east iron chips they consider to be practically ‘‘nondecarbur- 


izing’’, but they believe that only methane-hydrogen mixtures are 
actually neutral. 
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Fishel and Woodell (10) report that carbon monoxide will 
carburize iron at temperatures between 1470 and 2010 degrees 
Fahr. (800 and 1100 degrees Cent.). 

Sykes (11) describes experiments carried out to determine the 
carburizing and decarburizing effects of hydrogen-methane mix- 
tures, and gives figures for the composition of atmospheres neutral 
to steels of various carbon contents at different temperatures. 

Guthrie and Wozasek (12) report variable carburization from 
city gases of the same proximate composition, with all other con- 
ditions equal, and describe means of overcoming these variations. 

The preponderance of evidence from all of these investiga- 
tions is to the effect that most of the supposedly reducing and inert 
mixtures, whether gaseous, liquid, or solid, are in reality often 
decarburizing agents under the conditions of temperature and 
pressure normally encountered in the heat treatment of high 
carbon steels. 

Some five or six years ago an extended research was planned 
by the authors, to include studies of the carburizing and decar- 
burizing tendencies of the materials used commercially as pro- 
tective media in ‘‘bright’’ annealing and hardening, as well as to 
explore the field of less commonly used materials. Part. of this 
work is now described here. 

As one step in the program, it was decided to determine the 
effect of extremely reducing carbonaceous atmospheres such as 
produced by carburizing compounds, ete., when used to ‘‘pack- 
harden’’ steel. The tests were conducted upon drill rod, the an- 
alysis of which was as follows: 


Per Cent 


ODES... bide hues 
GROIN? 05 sik bv s Deda seems 


The drill rod (% inch diameter) was cut into 4-inch lengths 
and machined to 34 inch in diameter to remove any decarburized 
skin that might have been present originally. The 4-inch lengths 
were then subjected to annealing treatments, packed in four dif- 
ferent mixtures, i.e., 


1. Powdered charcoal 
2. Powdered charcoal plus 10 per cent sodium chloride 
3. Powdered charcoal plus 10 per cent sodium carbonate 
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dif- Figs. 12-15—-Photomicrographs of 1.15 Per Cent Carbon Steel, Heated for 4 
Hours at 1425 Degrees Fahr., and Cooled Slowly in Furnace, All Specimens 
Etched 80 Seconds in 1 Per Cent Nital, Fig. 12—Packed in Charcoal. Fig. 13— 
Packed in Charcoal Plus 10 Per Cent Sodium Chloride. Fig. 14—Packed in 


Charcoal Plus 10 Per Cent Sodium Carbonate. Fig. 15—Packed in Charcoal Plus 
10 Per Cent Barium Carbonate. X 100. 


4. Powdered charcoal plus 10 per cent barium carbonate. 


The annealing containers consisted of suitable lengths of 
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Figs. 16 to 19—Photomicrographs of 1.15 Per Cent Carbon Steel, Heated for 
4 Hours at 1425 Degrees Fahr., and Cooled Slowly in Furnace. All Specimens 
Etched 30 Seconds in 1 Per Cent Nital. Fig. 16—Packed in Charcoal. Fig. 17— 
Packed in Charcoal Plus 10 Per Cent Sodium Chloride. Fig. 18—Packed in 
Charcoal Plus 10 Per Cent Sodium Carbonate. Fig. 19—Packed in Charcoal Plus 
10 Per Cent Barium Carbonate. xX 500. 


inch water pipe, with caps on each end, drilled with a small vent 
hole. Four such containers, each containing a specimen packed 








mber 





for 


nens 
\7— 
i in 
Plus 


1] vent 
packed 








1928 DECARBURIZATION IN REDUCING ATMOSPHERES 819 


in one of the four packing materials, were annealed at the same 
time in a gas-fired semi-muffle furnace. The temperatures and 
times of heating were as follows: 


1. Heated to 1275 degrees Fahr., held at heat 4 hours, cooled 
slowly with the furnace. 

2. Heated to 1425 degrees Fahr., held at heat 4 hours, cooled 
slowly with the furnace. 

3. Heated to 1675 degrees Fahr., held at heat 2 hours, cooled 
slowly with the furnace. 


The above treatments correspond to anneals (1) below the 
eritical range, (2) in the usual annealing and hardening range 
for this type of steel, and (3) in the range devoted to the carbur- 
izing of low carbon steels, respectively. 

After these treatments the specimens were mounted in drilled 
steel blocks, to preserve the edges, and cross-sections were prepared 
for microscopic examination. The microstructures of the sur- 
face layers produced by the heat treatments are shown in Figs. 4 
to 27. For convenience in demonstrating the effect of the various 
packing media, these are grouped according to heat treatments, 
i.e., the figures in each plate show the degree of decarburization 
resulting from the four different packing materials at a given tem- 
perature. 

Decarburization in a steel of the composition employed is in- 
dicated by several different types of structure, depending on the 
degree of decarburization and the temperature at which it oc- 
eurred. The most obvious type of decarburized structure is that 
characterized by a rim of pure ferrite. Such a rim does not usual- 
ly indicate the total depth of decarburization, however. 

Where the material is originally in the spheroidized condition 
(as in the case of the drill rod used here) and the annealing treat- 
ment subsequently applied is at a temperature below the critical 
range, the ferrite rim will be accompanied by a less distinctly 
recognizable decarburized zone in which the spheroids of cementite 
are less numerous than in the body of the metal. 

When the annealing treatment applied is at a temperature 
above the critical range, but not high enough to form lamellar 
pearlite in the body of the metal, two other structures may be 
present in succeeding layers below the ferrite rim. The first will 
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Table I 
Depth of Decarburization 
Treatment Depth of Fig. 
Decarburization 
Inches 
1275 degrees Fahr.—4 hours—furnace cooled. 
Packed in 
COINS.) tan onic’ wns pila Bhs ccie bn ce oe kh 0.001 4— 8 
Charcoal plus sodium chloride .......... 0.004 5— 9 
Charcoal plus sodium carbonate ....... none 6 — 10 
Charcoal plus barium carbonate ....... 0.002 7— 11 
1425 degrees Fahr.—4 hours—furnace cooled. 
Packed in 
CE oreo oo tibiae ¢ cadow tae Meee nd 0.0125 12 — 16 
Charcoal plus sodium chloride .......... 0.010 13 — 17 
Charcoal plus sodium carbonate ....... none 14 — 18 
Charcoal plus barium carbonate ....... 0.009 15 — 19 
1675 degrees Fahr.—2 hours—furnace cooled. 
Packed in 
COOOL | nce piv nisitich 4 0% comes ee ee ooeee 0.0005 20 — 24 
Charcoal plus sodium chloride ......... trace 21 — 25 
Charcoal plus sodium carbonate ........ none 22 — 26 
Chareoal plus barium carbonate ....... none 23 — 27 





consist of grains of ferrite and lamellar pearlite, the other will 
consist entirely of lamellar pearlite, merging into the spheroidal 
structure in the unchanged body of the metal. The presence of the 
pearlitic layer makes the total depth of decarburization easily and 
quite accurately measurable. 

At high temperatures, as in the carburizing range, a rim of 
ferrite may. appear, followed by ferrite-pearlite and pearlite zones, 
as above. The final layer of decarburized material, however, will 
be distinguishable from the lamellar pearlite-cementite network 
structure of the body of the metal by the tapering off of the ce- 
mentite networks. 

Carburization, on the other hand, does not progress normally 
at low temperatures in a steel of this type, hence it appears only as 
a thin continuous carbide layer on the surface. At temperatures in 
the carburizing range, above the A,,, point of the steel, solution 
and diffusion will occur, resulting in an increase of cementite 
networks in the surface zone. 

These characteristics have been used to determine the total 
depth of decarburization or presence of carburization in this in- 
stance. The total depths of decarburization observed in the 
various specimens are shown in Table I. 
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ientite Figs. 20 to 25—Photomicrographs of 1.15 Per Cent Carbon Steel, Heated for 
2 Hours at 1675 Degrees Fahr., and Cooled Slowly in Furnace. All Specimens 
Etched 30 Seconds in 1 Per Cent Nital. Fig. 20—Packed in Charcoal. Fig. 21— 
Packed in Charcoal Plus 10 Per Cent Sodium Chloride. Fig. 22—Packed in 
Charcoal Plus 10 Per Cent Sodium Carbonate. Fig. 28—Packed in Charcoal Plus 
10 Per Cent Barium Carbonate. X 100. 





» total 
his in- 
n the Table I and the Figs. are arranged to permit comparison of 
the effects of the four packing materials at each of the four an- 
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Figs. 24 to 27—Photomicrographs of 1.15 Per Cent Carbon Steel, Heated for 
2 Hours at 1675 Degrees Fahr., and Cooled Slowly in Furnace. All Specimens 
Etched for 30 Seconds in 1 Per Cent Nital. Fig. 24—Packed in Charcoal. Fig. 
25—Packed in Charcoal Plus 10 Per Cent Sodium Chloride. Fig. 26—Packed in 
Charcoal Plus 10 Per Cent Sodium Carbonate. Fig. 27—Packed in Charcoal Plus 
10 Per Cent Barium Carbonate. xX 600. 


nealing temperatures used. The effect of temperature, for each of 
the packing materials used, may be summarized as follows: 
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1. Packed in charcoal. 

Specimens packed in charcoal alone showed evidence of de- 
carburization at all three annealing temperatures. Decarburiza- 
tion was most marked in the specimen annealed at 1425 degrees 
Fahr. 

2, Packed in charcoal plus 10 per cent sodium chloride. 

Specimens packed in charcoal-salt mixture showed appreciable 
decarburization after annealing at 1275 and 1425 degrees Fahr., 
and but a trace of decarburization when annealed at 1675 degrees 
Fahr. For practical purposes, therefore, the mixture may be con- 
sidered as decarburizing for all temperatures in the usual harden. 
ing and annealing ranges for steel. 

3. Packed in charcoal plus 10 per cent sodium carbonate. 

Specimens packed in the charcoal-sodium carbonate mixture 
showed no decarburization at any of the three temperatures used. 
On the contrary, a peculiar carburizing action was observed at 
1275 degrees Fahr., below the critical range, and at 1425 degrees 
Fahr., just above the critical range, and a normal carburizing 
action was observed at 1675 degrees Fahr., in the usual carburizing 
range. 

The carburizing observed at the lower temperatures was not 
deep, consisting only of a thin shell of massive carbide completely 
covering the surface. This carbide shell appeared also on the sur- 
face of the specimen annealed at the highest temperature. Etching 
with alkaline picrate reagent served to identify the material as 
massive carbide. 

4. Packed in charcoal plus barium carbonate. 

The chareoal-barium carbonate mixture had an effect similar 
to charcoal alone at the lower temperatures, but carburized ac- 
tively at 1675 degrees Fahr., forming a shell of massive carbide 


similar to that produced at the same temperature by the charcoal- 
sodium carbonate mixture. : 


These tests indicate, therefore, that carbonaceous packing 
mixtures used for pack-hardening or pack-annealing may be either 
carburizing or decarburizing in their action, depending on the 
activating material used in the mixture, and on the temperature 
at which the heat treatment is performed. 

Other variables which undoubtedly are important are the 
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composition of the steel, and the concentration of the activating 
material in the carbonaceous material. 

While our tests do not cover the effect of these variables, the 
work described, considered in conjunction with that of other in- 
vestigators already mentioned, casts some light on both. Three of 
the mixtures show a variation in action from decarburizing to or 
toward carburizing with increasing temperature. It seems prob- 
able that for each of these mixtures, there is a temperature at 
which neither decarburization nor carburization would be produced 
in a steel of the carbon content here dealt with, and that there are 
other temperatures at which these mixtures would be in equilibrium 
with steels of different carbon contents. The fourth mixture, 
containing sodium carbonate, which showed a carburizing action 
throughout the entire temperature range investigated, would un- 
doubtedly react similarly to the other three, if properly modified 
by reducing the concentration of its extremely powerful energizer. 

The results of the investigation prove that many of the ‘‘re. 
ducing’’ or ‘‘carburizing’’ packing materials used to protect steel 
during heating operations may be and probably often are respon- 
sible for the skin softness observed in the steel after heat treat- 
ment. 

They further suggest the applicability of the charcoal-sodium 
carbonate mixture as a preventative of decarburization and the 
soft skin difficulties which result from it. The formation of a shell 
of massive carbide, noted at the lower temperatures, in the usual 
hardening and annealing range, might seem objectionable, though 
we believe it to be negligible. This objection could be obviated. 
however, by lowering the sodium carbonate concentration until a 
mixture is obtained which will be neutral to the particular steel 
which is to be treated, at the required treatment temperature. 

This has been demonstrated on tool steel in ‘practical work, 
with apparent complete satisfaction, using a sodium carbonate con- 
centration of 3 to 5 per cent, but no attempt has been made to de- 
termine quantitatively whether the mixtures were really neutral, 
or still slightly carburizing, or decarburizing. 
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DISCUSSION 


Written Discussion: By H. B. Knowlton, metallurgist, International 
Harvester Company, Fort Wayne, Ind. 

The authors are to be congratulated on their valuable contribution to the 
study of decarburization. Giolitti and others have shown that carburization 
and deearburization follow the laws of chemical equilibrium, and that the 
same gas or combination of gases may cause carburizing or decarburizing de- 
pending upon the initial carbon content of the steel and other factors such 
as temperature, pressure and volume of the gases. The paper just presented 
is in accord with the principles enunciated by Giolitti, but the present 
authors have gone further in that they have given a practicable remedy 
for decarburizing at least where pack annealing or pack hardening is fea- 
sible. 

This paper is valuable not only to tool hardeners but to all who are en- 
gaged in any form of heat treating in which decarburization is undesirable. 
It should be of particular interest to the makers and users of fuel-fired harden- 
ing and heat treating furnaces, because it shows that the so-called ‘‘reducing’’ 
atmosphere (or one containing an excess of unburned gas or oil vapor) does 
not prevent decarburization. The authors may well be asked for their advice 
concerning the proper control of the furnace atmosphere. We would also like 
to ask the authors what information they can give in regard to the effect of 
steam entering an automatic hardening furnace through the chute to the 
quenching tank, 
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It is particularly interesting to note that sodium carbonate is shown to 
be a more active chemical energizer than barium carbonate in increasing the 
carburizing action of wood charcoal particularly at the lower temperatures. 
It is also interesting to note that the carburizing action of this mixture was 
apparent at a temperature below the critical point. This refutes the state 
ment once made that sodium carbonate and charcoal without other chemicals 
produced no more carburizing than charcoal alone at temperatures below 1800 
degrees Fahr. The statements of the present authors are confirmed by com- 
mercial use of charcoal-sodium carbonate mixtures. 

While on the subject of sodium carbonate, we would like to ask the 
authors what they can tell us of the effect of sodium carbonate either in the 
presence or absence of chlorides, water vapor or other chemicals, upon heat 
resisting containers and electric heating units. 

In closing let us again thank the authors for exploding some of the 
fallacies concerning decarburization and for offering a practical solution. 


















































Written Discussion: By L. A. Lanning, metallurgist, New Departure 
Mfg. Co., Bristol, Conn. 

The authors of this paper are dealing with a real practical question of 
considerable importance. 

In a great number of cases, probably a large majority, the pieces to be 
annealed are forged pieces to be finish machined or ground with a consider- 
able amount of stock to be removed. Here a slight decarburization is 
relatively unimportant. In case of the reworking of tools, annealing, without 
decarburization, is very important as stock removal may be relatively small 
in amount. 

Annealing of tool steel bars by the mill without decarburizing, 
enabling the tool maker to use bar stock closer to finished tool size, would 
eliminate the use of a considerable tonnage of tool steel. A considerable 
saving in machining time would be possible, which is quite important, as tool 
room labor is high priced. 

I note that the authors, on the second page of their paper, refer to a soft 
skin on steels heated under reducing conditions. I would like to know 
whether or not they have checked this for decarburization. I have observed 
this soft skin on oil-quenched steels in particular where excess fuel is de- 
liberately added. Heating oil hardening steels in an oil-fired furnace with 
a considerable excess of fuel is very apt to produce white spots on the 
pieces which are invariably soft. At first thought this appeared to be de- 
carburization, but rehardening these same pieces results in perfect work. 
My belief is that a deposit forms on parts being heated which retards the 
effect of the oil quench. This inference is drawn because of the presence 
of the white spots which indicate freedom from oil scale. I have also seen 
this same condition on work quenched from gas fires operated with a re- 
ducing flame. This may be one source of ‘‘soft skin’’ on work heated 
under reducing conditions. 

The use of special packing material as listed by the authors is an ex- 
cellent suggestion for guarding against decarburization in annealing. They 
have brought out very well the action of these materials under varying 
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conditions. I might add that the commercial carburizers produce about the 
same result as the sodium or barium charcoal mixtures. 

I wish to congratulate the authors of this paper for opening up an im- 
portant subject and hope that it may stimulate interest in this field which 
is of such great importance, 


Written Discussion: By R. G. Guthrie, metallurgist, People’s Gas Light 
and Coke Company, Chicago. 

The authors are to be complimented upon this useful contribution to 
the subject of carburization and decarburization. I should like to ask one 
question before proceeding with this short discussion, and that is regard- 
ing the moisture content of the various mixtures they tried. We have 
found that moisture is probably one of the most influential constituents 
found in carburizing gases, and it would be interesting to know whether 
these materials all contained exactly the same amount of moisture when 
the test was started. 

As to the decarburization of steel in a so-called carburizing atmosphere, 
I feel that the entire subject of carburization and decarburization is a 
relative one, and that almost any gas or combination of gases, or solids 
and liquids for that matter, may be carburizing or decarburizing at the 
will of the operator, provided the equilibrium condition of the gas or 
medium is understood. As an example of this the average city gas, which 
in its simplest form is a complex system of hydrocarbons, is decidedly a 
decarburizer when stagnant, but becomes an active carburizer when allowed 
to flow over the material. Particularly is so-called city gas a decarburizer 
when it contains any appreciable amount of moisture, and it is a very 
efficaceous carburizer when it is thoroughly dry. 

Practically any condition which upsets the equilibrium existing be- 
tween the carburizing medium and the steel results in that carburizing 
medium becoming a decarburizing medium, This is especially true in the 
case of eutectoid or hypereutectoid steels. It is possible and probable that 
a medium which under a given set of conditions will decarburize an hy- 
pereutectoid steel, will carburize an hypoeutectoid steel at least up to 
the eutectoid composition. I have noted many times that under normal 
conditions, with a 0.20 per cent carbon steel, a case depth of about yy inch 
usually represents an outer surface of eutectoid composition. With certain 
types of carburizing gases, and at certain temperatures depending on the 
moisture content of that gas, the carburization rate will change at about 
vy inch ease depth, the next yy inch increase in case depth will not be 
obtained in an equal time increment but will require up to 24% times as 
much time as would be necessary for the first gy inch. 

Consequently the whole subject of carburization is a question of equi- 
librium, It is probably true that every so-called carburizing gas is capa- 
ble of decarburizing under certain conditions. We have recently car- 
burized a low carbon molybdenum steel on a time-temperature-gas flow 
rate to get yy-inch depth and not to exceed 0.90 per cent carbon in the 
first five-thousandths of the case. The same conditions were then applied 
to a 0.20 per cent carbon, 1 per cent chromium steel, with the result that 
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the case depth was the same, but the outer surfaces were highly hyper. 
tectoid. The change in process necessary to get the same results in this 
latter case as obtained with the molybdenum steel and the original tim 
temperature-gas flow rate, was to humidify the gas in the case of the 
chromium steel which caused a decarburizing tendency apparently just 
sufficient to prevent the formation of excess cementite. 

The three most important factors in the carburization or decarburiza 
tion of a given steel are: temperature, the manner in which the particular 
steel normally reacts to carburization or decarburization, and the mech 
anism of the breaking down of the carburizing or decarburizing medium. 
In addition to these three major factors, a whole array of minor factors 
present themselves. The temperature is particularly important not alone 
to the steel, but to the gas according to the manner in which it breaks 
down, and the temperature which might be best adapted to the steel either 
in its heat treatment or its carburization, very frequently will be found 
to be an extremely unfavorable temperature for the carburizing efficiency 
of a given gas or medium. I think that probably this condition accounts 
for a great deal of the conflicting information found by the various in 
vestigators. 

As each phase of this subject is studied and reported on, more and 
more of the conflicting information is reconciled in the light of better 
understanding of the fundamental factors governing the equilibrium of 
gases and solids at high temperatures. As has previously been stated the 
authors are to be complimented upon their contribution to this particular 
phase of the subject, and they have undoubtedly added some valuable 
and useful information to the subject. 


Written Discussion: By Henry Wysor, metallurgical engineer, Bethle- 
hem Steel Co., Bethlehem, Pa. 

In my opinion, the most interesting thing about this paper is that it 
calls attention to the important and often disturbing principle of decar 
burization below the critical temperature and in apparently neutral or even 
carburizing media. This fact is not so well known as it should be, and 
consequently, insufficient measures have been taken to prevent surface 
decarburization. 

Scientifically we are at a loss to explain decarburization under the 
conditions here mentioned because we cannot fully explain cementation 
from the standpoint of diffusion. In contrast with the well recognized 
principle of acceleration, carburization has been affected extremely by 
means of solid carbon (diamond) without the admission of any gas. After 
an exhaustive study of research data obtained by himself and others, 
Giolitti concluded that iron and carbon were mutually soluble under car- 
burizing conditions. That might account for diffusion, and carburization 
and decarburization are explained simply on the basis of equilibrium. 
The effect of carbon monoxide and other accelerators depends upon nascent 
earbon, which is released, possibly by catalytic action of iron. If, as 
Brearly believes, CO is the carrier, then CO should be a constituent of 
the gas obtained by decarburizing steel in a vacuum or in a neutral at- 
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mosphere. His experiment of sealing a piece of steel in a steel tube, and 
carburizing through the wall of the tube, is clever, but it does not prove 
the point. If CO, and C are generated, as indicated in the equations 
below, CO would be regenerated, and it would react with the iron specimen 
as soon as it became concentrated and equilibrium was established. The 
instability of iron carbide would seem to account for the release of carbon 
™ aot the surface, 


eee 2 ae 
Sie: Beers. > 


2CO=CO,+C 
Fe,C=3Fe+C 


In its practical aspects this paper suggests further experiments:— 





1.—Does decarburizing of a spring lower its fatigue value? 


2.—Why not shorten the time in annealing operations as in tool steel? 
Fa 3.—The suggestion to use chareoal-sodium carbonate mixture has 
. obvious objections for many industrial operations but offers pos- 
‘ sibilities in others. 
E We are indebted to the authors for their constructive work, and trust 
5 they will continue with this investigation. 


Author’s Reply to Discussion—J. J. Curran 
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Mr. Lanning remarks that the decarburized surface on steel can be 
easily removed by machining or grinding. We find that a thin skin or 
decarburization on parts that are to be ground often 
loading up the wheel. 


> ade eas 


‘auses trouble by 


; He also speaks of soft spots as well as total surface decarburization. 
The soft spots might easily result, as Mr. Lanning suggests, from a surface 
: condition, such as soot on the surface. However, you can get a continuous 
skin of decarburized material on high carbon parts by annealing in a 
furnace where there is a large excess of gas, or in an electric furnace, 
if it is closed tight and there is oil on the work, or where carburizing 
compound or charcoal is thrown in. 

Owing to the fact that Mr. Lanning has never published anything on 
this subject, we were unable to include a reference to his work in the. 
paper. Some years back, after we had completed this work, Mr. Lanning 
volunteered some information which showed that he had duplicated these 
experiments to a great extent, except that he had not investigated it from 
the micrographic angle. He had annealed high carbon steel in mixtures 
somewhat similar to these, and after hardening them had tested them 
with a file. The results bore out very well what we had found. 

Mr. Knowlton asks about the danger of excess fuel. I have said 
that when reducing carbonaceous gases are present in the furnace at- 
mosphere, decarburization may occur. We believe that a neutral or very 
slightly sealing atmosphere is the best safeguard against decarburization. 

Steam entering the furnace from the quenching tank should not de- 
carburize appreciably. It will scale slightly, and when a little scaling 
does oceur, decarburization is usually minimized. 
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Mr. Knowlton also asks about the effect of sodium carbonate ani 
chloride on containers. Ten per cent of sodium carbonate might cause 
trouble, due to slagging, if a little sand or clay becomes mixed in with 
the compound, forming a glassy slag which may stick to the work and 
cause soft spots. 

As to the effect of sodium carbonate on heat-resisting containers, we 
have observed that fused carbonates and cyanides of sodium and po. 
tassium cause rapid deterioration of pure nickel sheet and of nickel alloys. 
We have had trouble with crucibles and nickel boats used for experiments 
with these salts. 

I believe that Dr. Wysor’s three points are very good. First, he 
speaks of decarburization below the critical range. I believe that Rosen. 
hain has determined there is some absorption and diffusion of carbon 
below the critical range, therefore we may assume that decarburization 
may also occur. Our tests show this to be true. 

With regard to the danger of low fatigue life in springs, that is some- 
thing that I think is largely a matter of opinion as yet. The problem is 
sufficiently important to warrant careful investigation. 

Last, he compares annealing above and below the critical point. An 
ordinary high carbon steel can be annealed to a given softness much more 
quickly slightly above the critical point than at a temperature slightly 
below, and the difference in length of time at the slightly higher tempera- 
ture may save some decarburization. 

I have said that the sodium carbonate mixture is not offered by us 
as a cure-all, but it does seem to have some merits for pack hardening 
and annealing operations. 

Mr. Guthrie asks if the moisture content was the same in all of the 
mixtures used. We would say that they were identical, having been made 
up from the same lot of powdered charcoal and stored under identical 
conditions. 

In some of our other tests, using city gas as the surrounding medium, 
rather than solid carbon mixtures, we have observed that drying the gas 
produced profound changes in its rate of carburizing low carbon steel. 
Under otherwise identical conditions, dried gas produced a hypereutectoid 
case, whereas gas saturated with water vapor produced a thinner case 
approaching eutectoid in composition. The presence in the retort of solid 
chemicals also affected the rate of carburization, and the addition of traces 
of volatile hydrocarbon derivatives actually caused complete decarburization 
of 0.20 per cent carbon steel. 

Our results emphatically corroborate Mr. Guthrie’s statements as to the 
important influence of seemingly minor differences in the composition of 
city gas on its carburizing and decarburizing properties. 
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METALLURGICAL PROBLEMS OF TRANSMISSION 
GEARING 


By Ernest F. Davis 


Abstract 


This paper describes the action of gear teeth im 
mesh and demonstrates why tooth failures cannot al- 
ways be attributed to metallurgical defects. A review 
is given of the various stages in the manufacture of 
good gears and the attributing elements in the success 
or failure of the final product. In this is included 
many items often ignored but actually vital elements 
in the manufacture of quiet running transmission umts. 
A brief description is also given of the modern furnace 
installations used in the gear industry and the advan- 
tages and disadvantages of different methods for heat 
treating gears. 


EARS when assembled in a transmission will be either quiet 

or noisy. When placed in service in an automobile they will 
wear, break; become steadily noiser or remain quiet and probably 
outlast the life of the motor car. When a gear breaks in an 
assembled unit the cause may be due to overload, faulty design, 
bad steel, defective heat treatment, improper forging practice or 
perhaps an assembler has dropped a washer or bolt in the gear box 
during assembly. If a gear wears out rapidly it may be too soft, 
the transmission misaligned, teeth not fully meshed, of bad con- 
tour, overloaded, or the cast iron housing was not cleaned suffi- 
ciently and a little nest of foundry sand was left in one of the 
corners to break loose by vibration and chase merrily around into 
the bearings and between the gear teeth. Perhaps the car owner 
has forgotten that a transmission requires occasional lubrication 
or has been misguided concerning the harmful effects of aluminum 
soap, graphite, cork and other nostrums foisted on the public for 
transmission lubrication. One transmission returned to us recently 


in a bad condition was found filled with a mixture of molasses and 
graphite. 


A paper presented before the tenth annual convention of the society, 
held in Philadelphia, October 8 to 12, 1928. The author, E, F. Davis, who 
is a member of the society, is metallurgist with the Warner Gear Co., of 
Muncie, Ind. Manuscript received June 12, 1928, 
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But, regardless of what happens to gears, save a long and 
useful life, the gear metallurgist finds himself involved in nearly 
every form of gear trouble, and in a defensive position, when grars 
are noisy, do not wear satisfactorily, or teeth break in service. 
Tooth breakage today is a comparatively rare occurrence, but. 
the big problem in gear manufacturing within the plant is the 
production of quiet running units, and imparting to them longer 
life in service. 

The necessity for heat treating brings into gear processes 
certain dimensional changes nullifying to a great extent the efforts 
of the gear cutter toward mechanical precision, and yet, on the 
other hand, frequently giving him benign assistance in correcting 
his own errors. But, before discussing the metallurgist’s respon- 
sibility in the gear industry, it will be essential to first consider 
tooth curvatures and the operation of teeth in mesh so that we 
may better understand the fundamentals of gear metallurgy. 

Although a tooth outline is a parabolic curve commonly an 
involute, yet when two gears are rotating together each is laying 
down a flat plane surface for the other to roll upon. In other 
words, each is presenting a metallic pavement for the mating mem- 
ber during its moment of work. When an even surface is pre- 
sented with continuity, a nearly perfect rolling action ensues. 
Such gears are quiet. To say a gear is quiet is a relative term only, 
for two gears in mesh always produce some noise. To be quiet, 
the sound must not assail the audible sense as unpleasant. 

If anything interferes with the ideal performance of this me- 
chanical system, and I am speaking in tenths of a thousandth part 
of an inch, then the teeth must exercise extra energy to overcome 
this interference by sliding over, or jumping the obstacle. Thus 
we have through tooth inaccuracies frictional elements to wear 
gear surfaces, and vibrational elements to make them noisy. 

We may compare the action of gears to the driving of a car 
over a conerete road. Each cement square represents the work- 
ing area of a driven tooth, and the segment of the tire in contact 
with each square as a section of the driving teeth. If the surface is 
flat and continuous the car glides along smoothly. But if the squares 
are pitched up or down, a gap exists between them, each square is 
ridged, wavy, rough or consists of a series of rises and dips, then 
the car’s progress is accompanied by much noisy vibration. The 
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same is true with a gear tooth’s journey around the circumference. 

To carry this crude analogy a little further, let us assume 
that our ear instead of rolling along is being pulled or pushed 
with the tires locked. In a mile or two we would find flat spots 
worn on the tread of the tires; whereas, if the wheels rolled as 
they should, these same tires would give us 15,000 to 20,000 miles 
of useful life. We have the same effect in the wear of gear teeth. 
If excessive slippage occurs, instead of the normal rolling action, 
lestruction of the tooth form rapidly follows. Gears distorted in 
heat treatment, or cut incorrectly, will wear out faster than those 
having correct tooth form. Also, a gear of imperfect rolling action 
cannot be rectified by burnishing, or by any ‘‘ wearing in’’ opera- 
tion any more than a high spot or hole in the road flattens by 
continuous traffic. Such gears, like the holes in the road, instead 
of improving, become steadily worse. 

Relative hardness is also a factor under these conditions, for 
softer surfaces will flow and indent under the friction and pressure 
of slippage more readily than harder ones. A gear of 75 sclero- 
scope hardness, incorrectly generated or distorted, will not wear 
as well as one of 70 scleroscope having proper tooth form. Of 
course, when we approach a condition of intense hardness the re- 
sistance to wear is such that slippage disintegration is much re- 
tarded. 

If gears are cut inaccurately no heat treatment will give 
them satisfactory life, and if heat treated poorly, no perfection 
of gear cutting methods will produce good gears. Gears may be 
eut and hardened so that tooth curvatures are perfect and yet not 
be quiet in mesh due to shaft flexure, mechanical tolerances and 
other elements peculiar to every individual model. It may thus be 
seen, that successful gear making involves not only gear cutting 
and heat treating, but the entire organization of the gear plant. 

Gear troubles are nearly always made up of a collection of 
small errors, and seldom a few big ones. The big ones are obvious 
and easily corrected, but the small ones are microscopic and diffi- 
cult to locate. We do not speak of gear inaccuracies in fractional 
dimensions, but in tenths of a thousandth part of an inch, and 
many factors, not ordinarily considered as bearing on gear troubles, 
may be fundamental. Oil viscosities, periodic vibrations, mount- 
ings, certain phases of phonetics and acoustics have a relation to 
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gear noise. Even the state of the weather has an influence, at 


i : . fact 
times, upon the quietude of gears as I shall explain later. | 


will 


tous 
Street Mitt PRACTICE 





The making of a good gear begins in the steel mill. The mal 
chemistry is of course important. Gear steel is usually bought 
with a 5 point limit for carbon, and close checking of all elements. 
following, as a rule, the 8. A. E. practices. Dirt, inclusions, and 
segregation should be as nearly absent as possible, for they affect 
the movement of metal in the final heat treatment. The ingot 
mold, the soaking pits, billet furnaces and rolling mills all con- 


tribute their share in producing good or bad steel. 


and 


Srreets Usep ror GEARING 





Two types of steel are employed for transmission gearing; 
viz, the oil hardening and the carburizing grades. The oil hard- 
ening class of steels includes the plain chromium, chromium- 

vanadium, chromium-nickel and 3% per cent nickel steels of 
about 0.50 per cent carbon. Steel above 0.55 per cent carbon 
is unsuitable for most types of gears, especially, those subjected to 
sudden shocks and clashing. The balance between safe impact and 
hardness reaches the maximum at about 0.55 per cent carbon 
which yields about an 80-foot impact average (drop test) on an 
8-10 pitch tooth and a scleroscopic hardness of 72 to 80 with an 
average of 75. When the carbon is 0.60 per cent only about 2 
points is gained in scleroscopic hardness with a decrease of about 
20 foot pounds in impact. A 0.70 per cent carbon chromium- 
vanadium, steel gave a hardness average of 82 with only a 35 
foot-pound impact. When the tempering temperature is raised to 
increase impact values to 80 the hardness decreased to 72 sclero- 
scope average, hence, no benefits are found by increasing the car- 
bon beyond the 0.55 per cent maximum. 

We find the same range of alloy constituents in the carburiz- 
ing class but containing approximately 0.20 per cent carbon. In 
addition, we have 0.5, 1.5 and 5 per cent nickel steels of low carbon 
content. The nickel steels present a unique series and are very 

valuable for gears due to their depressed critical points enabling 

low heat treating temperatures and a milder oil quench, both 
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factors in reducing distortion. Even the 0.5 per cent nickel steels 
will harden fully in oil, and the 5 per cent nickel steel is one of the 
toughest and best wearing gear steels known. 

The two most common types of steel in use today by gear 
makers are the chromium steels of about 0.50 per cent carbon, 
and 3.5 per cent nickel in the carburizing grade. 


ForGING PRACTICE 


Cold Shearing. When bars are rolled and pass into the cool- 
ing beds they lose their residual heat rapidly. If the carbon 
is around 0.50 per cent considerable hardness is imparted to the 
steel. The faster these cool, the greater will be this hardness due 
to arresting the constituents in a partial or complete sorbitic state. 
During the winter months when the temperature is extremely low 
this hardness becomes quite high, frequently showing from 302 
to 415 Brinell hardness numbers. It is impossible to cold-shear 
such steel without producing enormous strains in the metal. If 
the steel is forged immediately the effect may not be injurious, 
but steel under such strains frequently cracks after a short period. 
We had one sample which did not crack visibly until three days 
after it was sheared. Steel cracked in shearing may be upset 
into forgings and the defect not noticed until the part is being, 
machined, or worse, not until after the gear is put into service. 
The usual method adopted by the drop forger is to limit the sizes, 
say 114 to 2 inches for cold shearing and hot shearing above these 
sizes. This decision is usually based on what shearing blades will 
stand rather than the harm that may be done to the steel. 

In the low carbon steels the soft ferrite constituent predom- 
inates to such an extent that hardness rarely causes any difficulty. 
We have no record of any failure from this cause in the 0.20 per 
cent carbon steels. These steels do not harden materially during 
the cooling period after rolling except in small sizes or in steels 
high in alloying elements. 

Metal Flow. We have always insisted upon upsetting prac- 
tice on all gears. We realize that an enormous production of 
gears has been made from square and slab stock, or forged by 
methods where the fiber of the original billet has been only slightly 
disturbed. No doubt many good gears have been made by this 
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Dec mbder 





method, and some disagreement exists whether orientation by 
upsetting is of sufficient value to justify the practice. 

Heats of steel show physical vagaries apart from the chem. 
istry. Occasional lots of steel will be found which show a tendency 
toward considerable permanent growth parallel to the grain flow 
and very little at right angles to it. Other heats of steel do not 
show this peculiarity as marked. What metallurgist can know 
when such a lot of material will be present in production, for 
nearly all steel is banded to some extent as any macrograph will 
show! If all gears are upset and these lines dispersed radially, 
the ill effects are minimized for no ‘‘out-of-roundness’’ can occur 
from this cause. Inattention to this is one of the obscure causes 
of gear distortion, which produces noisy gears. 

Another important advantage is the greater strength of the 
upset forging, partially by increased working, and partially by 
better fiber distribution. Steel is usually 15 to 20 per cent stronger 
at right angles to the fiber than parallel to it. It is a recognized 
fact that gears made from bar stock are weaker than the same gear 
made from an upset hammered forging. The bar stock gear has 
the fiber lines parallel to the length of the tooth. Gears forged 
from slab stock have some of the teeth with fiber in this direction 
and some teeth at right angles to the fiber. But a gear, like a 
chain, is no stronger than its weakest tooth and the actual tooth 
strength of such a gear is not much better than the bar stock 
gears. 

To insure ample working and upsetting, the smallest size 
which may be upset without buckling should be specified. Sheared 
ends should be square so that the upsetting action is equalized. 

Forging Temperature. The necessity for better control of 
forging temperatures is steadily becoming more urgent, and the 
forging operation has long been a prolific source of metallurgical 
troubles of all kinds. 

The ideal temperature for forging gears is the minimum heat 
which will produce a good forging properly filled so that it will 
finish at 1600 to 1700 degrees Fahr. If a forging is heated to 220 
degrees Fahr. and finished at 2000 degrees Fahr. it will be coarse- 
grained and overheated. If it is forged at 2300 degrees Fabhr. 
and finished at 1600 degrees Fahr. a good forging will result. The 
less work there is on a gear forging, the lower the temperature 
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should be for forging, but nearly all forging can be done between 
1800 and 2200 degrees Fahr. with an average heat of 2000 degrees 
Fahr. 

Fast heats, but freely oxidizing are best to prevent decarbur- 
izing, for the sealing rate must be faster than the carbon migration. 








NORMALIZING OF FORGINGS 


In any lot of forgings considerable variation exists. Some 
have been forged hot, some comparatively cold, some have cooled 
faster than others, some have finished hot, some perhaps have been 
overheated, and others finished at a low temperature. The micro- 
structure having been disturbed by heat, hammering, metal flow 
and different cooling rates is in a more or less conglomerate con- 
dition. Since each forging has received individual treatment and 
has been subjected to certain variables, it is natural to assume that 
these would not respond alike to any single heating and cooling 
eyele. Forgings subjected to heavy working and finished near the 
critical temperatures do not readily anneal and ordinary anneal- 
ing methods cause these to emerge from this operation in a semi- 
sorbitic condition unfavorable to good machining. Those which 
are coarsened by high heats and little working likewise respond 
sluggishly to thermal treatment. A large percentage of a lot may 
anneal satisfactorily, but we cannot segregate those which do not. 
However, if these are given a preliminary high temperature treat- 
ment it enables better solution of the micro-constituents and over- 
comes to a great extent the slow response of coarsened metal. It 
also equalizes the grain size of sections given much working and 
sections receiving very little upsetting and hammering, a matter 
of great importance in minimizing distortion in the final gear. 

For both oil hardening and carburizing grades the temperature 
of normalizing we employ is 1750 degrees Fahr. followed by a 
rapid cooling in air. This practice may seem of dubious value for 
higher carbon steels, with danger of decarburizing, too great 
coarsening of structure and an ultimate weakening of gear teeth. 
Actually none of these things occur. The short period in the fur- 
nace decarburizes the forging only a few thousandths, and the 
time at heat is too short to cause any marked migration of carbon. 
Our impact values on gear teeth has improved and become more 
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consistently uniform and the coarse, dry fracture indicative of 
weak brittle teeth has practically disappeared since this treatment 
was inaugurated. The uniformity of annealing results may partly, 
at least, be attributed to this preliminary treatment. 

In the carburizing grades of steel the normalizing is pro- 
longed and the cooling is sufficiently slow to actually coarsen the 
ferrite. In this case the object is to relieve the steel from all 
internal strains so that no movement will occur in the subsequent 
carburizing operation. The coarsening of the ferrite is an aid to 
machinability, for coarsened ferrite machines better than fine- 
grained ferrite. The best illustration of this effect is shown in 
the records of our bevel gear department where cutter life was 
practically doubled after the inauguration of this treatment. An- 
other marked effect was reduction of ‘‘out-of-roundness’’ and ‘‘out- 
of-flatness.’? On some models, the straightening operation of ring 
gears has been entirely eliminated. In the transmission gears we 
found less trouble with shrinkage of holes and less diameter 
changes. 

ANNEALING OF Or. HARDENING STEEL 


Considerable research work has been done by us to obtain 
the best microstructure which would yield good machining results 
and a smooth finish on gear teeth. For our particular steel we 
have found a lamellar pearlitic structuré is best adapted for 
oil operations. 

The important thing in annealing is to have all the forgings 
of the same general microscopic pattern. Variations in strength, 
hardness and toughness of gear blanks produce a difference in 
eutting results. If a gear blank is hard (sorbitic) more resistance 
to cutting occurs and the gear cutters will not hold their edge, 
dull rapidly and sometimes peel and cause ridges on the tooth 
surfaces. If a gear blank is too soft it cuts roughly and accurate 
checking of the involute is difficult. One may readily realize the 
baffling situation for the gear checker when hard gears, soft gears, 
and gears with a variety of structures are present in the same 
lot of blanks. 

To be assured of uniformity, furnaces for annealing must 
be designed so that the desired structure can be obtained with 
certainty, and each forging subjected to the same heating and 
cooling cycle. 
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It is obviously 1mpossible to obtain such results in any station- 
ary furnace of sufficient size to handle forgings in production 
quantities. The heating and cooling rate is not under control 
when forgings are annealed en masse. Those on the outside of the 
pile heat and cool with greater rapidity than those on the interior. 


Fig. 1—Combination Normalizing and Annealing Furnace Train. The First Furnace is 
for Normalizing and the Second for Annealing. Note Open Gap Between Furnaces for Air 
Quenching of Forgings After Normalizing. 


The ideal way is to have the forgings pass through a series of 
heating and cooling zones maintained uniformly by automatic 
pushing and fuel control so that a definite mass of metal absorbs 
and loses a certain amount of heat per foot of travel. By chang- 
ing the speed of travel, or the temperature of any zone, any kind 
of structure may be obtained, and when the best machining struc- 
ture is found, the matter of duplication is as certain as any me- 
chanical operation. (Fig. 1) 

Among the vital items in maintaining these results is regulat- 
ing the weights of forgings per tray. In our continuous furnaces 
the trays are three feet long and one foot wide and each carries 
350 pounds of forgings regardless of the shape or the mass of the 
individual forging. In our various models are gear forgings of 








840 TRANSACTIONS OF THE A.S8.8.T. December 












weights from 10 ounces to 35 pounds, but the number per tray is 
computed so that the total weight will be 350 pounds. This per. 
mits steady burner action and the same microstructure is obtained 
in both the largest and smallest forging. 
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ANNBALING OF Low CARBON GEAR STEEL 


The annealing of low carbon steel does not offer the prob. 
lems of the oil hardening grade. A normalize and an anneal at 
1500 degrees Fahr. with an air cool usually places this steel in 
the best machining state. Over annealing and very slow cooling 
is apt to produce a tough stringy condition not suitable for smooth 
finishing. 
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CARBURIZING PRACTICE 





Much prejudice exists against the carburized gear, from a gear 
maker’s standpoint, although the combination of hard surface and 
the tough ductile backing of the low carbon core makes an ideal 
tooth for high impact, wear and strength. In fact, truck trans- 
missions which are subjected to heavy tooth load and much abuse 
are still made of carburized steel and substitution of oil hardening 
grades has seldom given satisfactory life. In pleasure cars, where 
quiet running gears is paramount, the oil hardening steel predom- 
inates. In the past, no certainty has existed as to just which way 
the cat would jump in regard to distortion and volume changes, 
and carburized gears have always been the source of much trouble 
to gear manufacturers in maintaining high standards for quality. 

In addition, the carburizing operation has always been an 
expensive one, costing, usually, from 8 to 12 cents per pound. 
When oil hardening steels were introduced, capable of giving 
scleroscopic hardness of between 70 and 80 without excessive brit- 
tleness, the gear makers found not only relief from high manufac- 
turing costs, but gear rejections were immediately lowered. We 
had on one model wherein rejections for noise on the test stands 
dropped from a 20 per cent average for carburized gears to less 
than a 5 per cent with the oil hardening gears, and the transmis- 
sions all had a more even tone. 

Other reasons for carburized gear distortion aside from high 
temperature treatment may be included, the lack of normalizing 
treatment with low carbon steels, indifferent annealing (and some- 
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times none at all), and most of all the erudity of carburizing prac- 
tice. In plants where gears were carburized the furnaces were 
nearly always of the box-type usually hand-controlled and the 
maintenance of heats dependent upon the alertness of the furnace 
operator—who often was not alert. Thermocouples gave the tem- 


PPE 


Fig. 2—Front View of Return Recuperative Type Carburizing Furnace. Used for 
Carburizing Gears. This Furnace is Electrically Heated and Automatically Controlled. 


perature of the furnace blast but no indication of what was tran- 
spiring within the boxes. Tests made by our laboratory indicated 
variations of 200 degrees Fahr. in a single heat in different loca- 
tions of the furnace. Carburizing in box furnaces is a blissful 
optimism, 

Metallurgists have long been aware of the shortcomings of the 
stationary furnace but until a few years ago no better equipment 
was available. Today much improvement has been made in this 
operation. The latest type is the continuous furnace. In this 


kind of furnace, boxes of standardized size are pushed through 
zones of fixed temperature which is automatically controlled. By 
regulating the speed of pushing, any desired depth of case may be 
obtained accurately within 0.005 inch. Although variations in 
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ease depth do not produce differences in volume growth, yet differ 
ences’ in temperature of carburizing do cause enough variations 
to produce gear trouble. 

Three types of furnaces are in use at present, the rotary, 
the straight through, and the counterflow. The last type utilizes 





Fig. 3—Back View of Return Recuperative Carburizing Furnace Showing Rear and Side 
Pushers. 


the radiant heat from the outcoming boxes to preheat those just 
entering. This furnace is suitable only for gears to be cooled in 
the boxes. (Figs. 2 and 3) 

For metallurgical quality, quenching from the box is the 
best practice, but not a good procedure for gear dimensions and 
would ruin almost any gear from the standpoint of quiet opera- 
tion. For that reason quenching from the boxes is seldom indulged 
in unless the factor of safety is low and the best metallurgical 
treatment is necessary, a high standard of gear quietness is not 
essential, or the tooth form is corrected by grinding after harden. 
ing. 

No doubt, with our improved knowledge of gear cutting, 
normalizing and annealing, better made steels and with the car- 
burizing operation under exact control, the carburized gear wil! 
come into its own again for pleasure car transmissions. 
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HARDENING OF GEARS 
cutting, 
the car- A gear generated by modern gear cutting methods is a marvel 
‘ear will of mechanical accuracy. If this gear should change its tooth con- 
tour in heat treatment so that it developed an involute error of 
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Fig. 6—Illustration Showing the Mechanics of Tooth Destruction. 


0.0005 inch, it is likely that such a gear would chatter or be too 
noisy to pass test. 

It may thus be realized that gear hardening becomes a process 
even superior to the finest tool hardening, for there are few tools 
which do not receive some form of corrective grinding, whereas 
a gear is expected to come from heat treatment with its original 
dimensions unchanged. 

Yet, in the operation of hardening, the gear expands, passes 
through the phenomena of contraction at the critical temperatures 
and then expands again above it until at the moment of quenching 
it has become a soft plastic body with low strength and its original 
dimensions altered. Then while in this hot enlarged condition 
it is suddenly plunged into oil and rapidly contracted. The struc- 
ture, by the heating and drastic cooling has been converted into 
new and harder bodies of different molecular arrangement, which 
did not exist when the gear tooth was generated. In addition to 


Bane, | aera 


eee 








Dece? ber 


wr be too 


4 process 
few tools 
whereas 
original 


IS, Passes 
yeratures 
uenching 
; original 
-ondition 
he struc- 
rted into 
it, which 
dition to 





1928 METALLURGICAL PROBLEMS IN GEARING 845 


the changes within the mass, the surface has been exposed to 
oxidation and other active chemical influences from furnace gases. 
Yet in spite of all these internul and external agencies, apparently 
ruinous to accuracy, gears are hardened in production by the 
thousands every day developing involute errors seldom over 0.0004 
inch. 

All the common methods for hardening steel are employed in 
the heat treatment of gears. Immersion hardening in lead and 
salt baths is quite common. Also processes with pot, box and 
continuous furnaces using gas, oil or electricity. Each method 
has certain advantages and disadvantages and no one is ideal. 

It is the general opinion that steel must be slowly heated or 
distortion may result. This may be true when hardening heavy 
masses of metal or steel of low heat conductivity, but is by no 
means true as far as gears are concerned. Just as good gears may 
be hardened by a 10-minute immersion in molten lead, as in a 114- 
hour soak in a pot or box furnace. But, it is important that a 
cear be uniformly heated and uniformly cooled and be so designed 
that extreme thick and thin sections are avoided. Lack of con- 
sideration by the gear engineer to the design has caused much 
heat treating trouble attributed entirely to the hardening. 

The Hump furnace method, if properly handled and intelli- 
gently supervised, is one of the best processes for hardening gears 
in use today, but if carelessly done and blind dependence placed 
on chart reading, it is one of the worst. When one considers that 
motors, dry batteries, potentiometers, and potentiometer balancing, 
gearing rheostats, coils, ammeters, ink, paper, resistance units, 
and a lot of electrical, metallurgical, and mechanical attention is 
necessary to keep a battery of Hump furnace units functioning 
correctly, it may be realized that production hardening by this 
process may be subject to many variables unless all parts are 
operating correctly. And even when such is the case, if the work 
is not proportioned right, the heating cycle may be very non- 
uniform in various gears. For example, if the bottom of the 
furnace were loaded heavily with gears, but none in the upper 
area of the furnace, these gears on the top of the nest would heat 
much faster than those on the bottom, yet the chart readings 
would show the critical of the bottom gears only. Also, if the 
lower areas of the furnace were charged with a greater mass of 
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Fig. 7—Photograph Showing Hobbed Surface of Gear Tooth. Note Pearlit 
Tearing of Surface. Fig. 8—Photograph Showing Tearing of Overstrained 
Surface of Gear Tooth Due to Excessive Burnishing. 
ant 


metal than the upper areas or the situation reversed, unequal ~~ 


heating would follow. In the first instance those on top would be 
overheated and in the second instance those on top would be under- 
heated if one depended solely on the chart readings to determine 
the quenching time. Other causes for variables are the employ- 
ment of a furnace too large for the work to be treated, and over- 
loading and forcing the furnaces to yield a greater tonnage than 
they are capable of doing. 

But the Hump furnace combines many advantageous features. 
Lack of blasts, low oxidation, uniform heating rates and definite 
record of every heating cycle. Although far from ideal as a pro- 
duction furnace this method is one of our most scientific develop- 
ments in heat treating. 

Cyanide Hardening of Gears. The necessity for harder sur- 
faces than the oil hardening steel is capable of giving has caused 
many gear makers to go to some process of cyaniding the surface. 
This enables the gear maker to still employ the oil hardening steel 
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Fig. 9—Photomicrograph Showing Lamellar Pearlite in a 0.50 Per Cent Carbon 
wn hit taba ae 
and yet avoid the expensive carburizing method and its attendant 
troubles. 

There are three variations of the cyanide method. The first 
is direct immersion; the second preheating to 900 to 1100 degrees 
ahr. and completing the cycle in cyanide; the third is the cya- 
nide dip after finishing the heating cycle in rotary or Hump 
furnaces, 

Oil hardening steels as a rule increase slightly in volume in 
heat treatment and if the entire heating is done in cyanide or 
after a preheat below the active oxidizing temperatures, this 
volume increase shows a tendency to minutely change the tooth 
contour to what gear makers call the plus side. This small devia- 
tion from the true involute aids considerably in producing quiet 
running units with some types of driving gears. Certain other 
gears would not operate quietly on the plus side hence direct cya- 
niding under such circumstances is not an advisable procedure. 

If, instead of direct cyaniding, the gears are heated in a 
Hump, rotary or other type of furnace to the hardening tempera- 
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ture and before quenching are given a cyanide dip of 1 to 1: 
minutes, we obtain all the advantages of the cyanide plus the re. 
duction in diameter due to oxidation in the furnace. The oxida. 
tion loss may represent 0.002 to 0.0025 inch from the diameter thus 
compensating for the normal volume increase of the steel in heat 
treatment. This method of cyaniding is, therefore, the best for 
maintaining the minimum volume change. 

Many believe that cyanided gears are noisier than oil-hardened 
gears. This may or may not be true. Mars and bumps on eyanided 
gear teeth do not come off as readily as those on furnace-hardened 
gears and these are, of course, bad noise producers. But with a 
full understanding of the fundamentals surrounding the cyanide 
process there is no reason why the mere fact that the cyanide 
surface is harder should be the basic cause for noise. 

To illustrate, we changed a model from a Hump furnace 
hardening operation to a direct cyanide treatment. The first gears 
hardened were extremely noisy. Had we stopped there we might 
have convinced ourselves that cyanided surfaces meant noisy gears. 
But after modifying the treatment so that we obtained the bene- 
fits of oxidation by a combined furnace heating and cyanide dip, 
the job went along in excellent shape. Rejections actually declined 
3 to 4 per cent until the termination of this model. 

Sometimes it is the practice to cyanide only certain gears of a 
unit so that furnace hardening gears mate with cyanided gears. 
Under these conditions the former will wear better than if meshed 
with an oil hardening gear. Destruction of tooth form is a mutual 
operation between mating gears, hence if one has an extremely 
hard surface it seems to prevent the development of wear in the 
other. Our dynamometer tests indicate about 30 per cent better 
life under these conditions. 

Cyaniding, however, has a tendency to somewhat lower impact 
values, and is not recommended for fine pitched teeth or teeth 
stressed close to the safety limit. It is the practice in some gear 
plants to lower the average carbon content of oil hardening steels 
3 to 5 points when cyaniding is practiced to improve the impact. 

Lead Pot Hardening. This is employed for carburized gears 
more frequently than for the oil hardening types. Owing to the 
high heat conductivity and rapid heat transfer, lead hardening is 
cne of the best methods for certain types of gearing such as stem 
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gears and pinions. But, like all other processes, it has certain 
objectionable features and some prejudice exists against its rapid- 
ity of heating. One of the worst troubles experienced in lead hard- 
ening is the removal of the lead, which frequently clings to the sur- 
face and is often difficult to take off. Also, if the lead is impure, 
decarburizing occurs at times producing poor wearing surfaces. 
Lead is heavier than steel, thus necessitating special fixtures to 
keep the gears fully immersed. 

Hardening of Carburized Steel. The double heat treatment of 
gears is always advisable from a metallurgical standpoint, because 
it produces the maximum tooth strength and ductility. If 3.5 
per cent nickel steel is employed, the core refining heats can be 
kept at a fairly low temperature not much above the hardening 
beat of the oil hardening steels, but if chromium-vanadium or 
chromium-nickel steels are to be heat treated this requires high 
refining heats of between 1550 and 1650 degrees Fahr. Such 
temperatures are the bane of the gear cutter by causing abnormal 
metal movement. 
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The tendency among gear metallurgists is to eliminate {}, 
high quench and slightly raise the case refining heat and obtai; 
a partial core refinement at the expense of the case. This method 
which is a compromise to aid the gear cutter, has been fairly suc 
cessful because it does minimize to some extent the distortion result 
ing from the double treatment. 

Quenching of Gears. The quenching of gears is as important 
as the heating. A gear consisting of extremely thick and thin 
sections may be heated with the utmost care and uniformity but 
on quenching, the thin areas will cool to rigidity first, placing 
strains in the metal and thus causing distortion. This is, of course. 
a matter of unfavorable design for the heat treater. The only way 
such distortion may be overcome is by the use of rings and fixtures 
to falsely thicken up the sections which chill, or by milder quench 
ing at the expense of the hardness. 

In production hardening, mechanical quenching of gears is 
the usual practice, partly for labor economy and partly so that 
each will receive the same quenching action. Some of these devices 
consist of a rocker arm on the ends of which are suspended hooks. 
Others consist of long rods connected with an overhead crank 
The movement of the crank gives an up and down motion to the 
rods. In either type the nests of gears on removal from the fur 
nace are hung on the hooks and quenched in the oil at a rate of 
about 20 strokes per minute. 


QUENCHING OILS 


The purpose of a quenching oil is solely to remove the heat 
from the steel. Various quenching oils on the market show some 
differences in quenching rate. Usually the cheaper oils such as 
the 28-degree paraffines are suitable for gear quenching. This. 
however, being a residual oil is often imperfectly refined and liable 
to be highly acid or contain considerable water. Water is immedi 
ately discerned by excessive foaming and a muddy appearance to 
the oil. Water in oil causes soft spots, distortion and sometimes 
cracking. 

We have found our oil quenches gears best between 100 and 
135 degrees Fahr. When the oil is 145 degrees Fahr. or over, an 
average loss of 1 point in scleroscope was noted. Too much re 
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When this oil is 
xtremely cold (below 65 degrees Fahr.) we lose about 2 points in 


‘rigeration of quenching oil is also not advisable. 


scleroscope. 


TEMPERING OF GEARS 


The tempering of gears does not develop any marked volu- 
metrie changes, but it does produce vital structural changes in the 
Tempering of oil-hardened steels is usually 
done at temperatures ranging from 400 to 475 degrees Fahr. This 
raises the impact value up at the expense of 2 to 3 points in sclero- 
scope hardness. 


higher carbon steels. 


: Three things are important in gear tempering; viz, the cer- 
B tainty that the tempermg operation is performed, that sufficient 
‘ time is allowed, and that every gear is given exactly the same 
h temperature. 










The first is a matter of departmental supervision, 
the second and third a matter of the proper equipment and system- 
atized operation. 

i Gear tempering is done in air, oil, or salts. Most air tempering 
Fi furnaces are unsatisfactory due to irregularities in the air currents. 
This is especially true of air furnaces tempering by radiation, 
but even some of those using convection currents do not yield 
expected results. I understand, however, that one furnace of recent 
development has overcome many of the objectionable features of 
the air tempering principle. 

The writer prefers the immersion method of tempering for 
then the part is surrounded by a definitely heated mobile medium. 
In our practice oil is used in a circular bath electrically heated 
and automatically controlled. A large bull wheel rotates slowly 
over the bath making a complete cycle in 38 minutes for oil hard- 
ening steel and 28 minutes for the carburized steels. The gears 
are hung by hooks on the rim of the wheel. The oil is agitated by 
means of a rotating propeller screw which keeps the oil in con- 
tinual circulation and holds the bath uniform within 5 degrees 
plus or minus. 



























MISCELLANEOUS CAUSES OF DEFECTIVE GEARS 





In Hump furnace hardening when the humidity of the air 
reaches 55 to 60 per cent saturation, it affects the furnace atmos- 
phere causing a peculiar attack on the tooth surface known as pit- 
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ting. Steam from washing kettles in the vicinity of Hump fur. 
naces, charging gears wet with cutting compound or water also 
contributes to this condition. This pitting is really a local decar-. 
burization. Such gears are invariably noisy and poor in wearing 
quality. Bits of charcoal in the furnaces usually overcomes this 
trouble. 

Some types of electrical furnaces produce a closely adherine 
scale due to changes in the chemical composition of the oxides 
formed. This brushes off only with the greatest difficulty. Gears 
having this form of oxide are usually noisy. Copper plating 
or acid dipping are sometimes resorted to, to prevent this. Gears 
of the oil hardening grade plated with copper are not quite as 
hard as those not plated. Acid dipping must be done with the 
greatest caution for any attack on the surface may ruin the tooth 
form. 

Over burnishing of gears results in overstrained tooth surfaces 
and causes abnormal crystalline development at points where the 
burnishing strains are greatest. This growth is actually very minute 
but often enough to destroy the accuracy of tooth form. The 
fundamental purpose of burnishing is to remove roughness caused 
by cutting. Heavy burnishing to alter tooth form is always bad 
practice. 

CONCLUSION 

The author has touched only a few of the steps necessary in 
the manufacture of a good gear and this paper deals chiefly with 
the metallurgy phases. Success in the heat treating of gears is 
dependent upon knowing what to do and always doing the same 
thing in the same way. We have found that whenever we substi- 
tute a mechanical heat treating operation for a manual one and 
eliminate human variables, we have improved our practice, which 
has always reflected in lower gear rejections, longer tool life or less 
manufacturing costs. Yet, the subject is greater than a mere ques- 


tion of heat treatment, for the production of high quality gearing 


requires intelligent engineering, up to date mechanical equipment 
and good plant organization. In every gear plant, the engineer- 
ing, inspection, gear cutting, and metallurgical departments are 
so closely allied in all gear troubles that only by unselfish co- 
operation of these branches can gear problems be solved and that 
ultimate of the gear maker finally be attained—absolute quietude. 
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Written Discussion: By M. J. MacKenzie, Interstate Iron and Steel 
Company, Chicago. 

| want to take this opportunity to congratulate Mr. Davis on his 
splendid paper on ‘‘ Metallurgical Problems of Transmission Gearing’’ 
He has treated a difficult subject in a very clear, convineing way. 

There are several things mentioned on which I should like to ask 
for Mr. Davis’ further opinion. 

Under the heading, ‘‘Steel Mill Practice’’, I should like to know if 
Mr. Davis does not consider cleanliness as important as regards the dynamic 
strength of the steel as he does its influence on distortion. It has been 
my experience that it is just as important from this standpoint. 

Under the heading, ‘‘ Forging Practice—Cold Shearing’’, Mr. Davis 
points out the dangers of cracking steels of gear analysis by shearing 
cold. I agree with him that there is always this danger, whether the 
outside temperature is hot or cold. Gear steel analyses are air hardening 
and should be hot sheared. This applies to bars which have been finished 
at the proper temperature and cooled, as we know from experience that 
they should be, as well as to those bars which are hard, due to some 
irregularity in the steel mill practice. A few hundred degrees of heat in 
the bars are all that are necessary for cold shearing. I would appreciate 
Mr. Davis’ comments. 

Under the heading, ‘‘ Forging Practice—Metal Flow’’, I do not fully 
understand what Mr. Davis means by his statement that heats of steel 
show physical vagaries apart from the chemistry and explains this on 
the theory of the direction of grain growth. I should appreciate more 
details. 

Mr. Davis’ last sentence, under ‘‘ Forging Practice—Forging Tempera- 
ture’’, about the best way to prevent decarburizing is very interesting 
and I believe we would all be interested in more details. 











Written Discussion: By E. W. Pierce, Chrysler Corporation, New 
Castle Plant. 

Transmission gearing and all relating factors concerning it requires 
a comprehensive study. Mr. Davis has covered the gear situation quite 
well and has given us some interesting information, 

A wide study of the oil hardening steels will show that nearly all 
of the various analyses listed are being used by various manufacturers. 
It is also quite interesting to note that where two or more manufacturers 
use the same analysis there is a different method of processing. Different 
annealing cycles and temperatures are used, some depending on a given heat 
treatment, others hardness, still others, structures; and then in addition 
there is a difference of opinion as to what is the proper structure for. best 
machining and resultant hardening. In addition to the several structures 
mentioned by Mr. Davis, it is known that some prefer a spheroidized 
cementite. The oil hardening gear steels are also checked by the MeQuaid- 
Ehn test, grading them as to grain size, as an indication of performance 
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in processing. A more definite study should be made, giving the ch 
teristics of each individual analysis for best enlightenment. 

Uniformity of operation from the making of the steel until the 
is finished must be the aim. As pointed out in Mr. 
the slight variations which cause the trouble. 

In the annealing operation it is the writer’s opinion that the compact 
ness with which the gears are placed on the trays is the determining 
factor, rather than weight. 


Davis’ paper, it js 


Sufficient air circulation must be allowed for. 
to give uniform and even heating and cooling. 

When it is realized that a gear steel must first be low in cost to mak, 
it of production value, and then be so handled in its processing that aft: 


subsequent hardening minimum of 


there is a distortion, comparable t 
and, in fact, better than, the much more expensive tool steels, it can b 
understood just what the requirements are. In our production, variations 
from involute are measured in tenths of thousands, making a very exacting 
requirement. 

Cyanide hardening produces a very good wearing surface, whether it 
is a full treatment or only a cyanide wash from an electric furnace. Im 
pact values are less with the full cyanide treatment, but it has been our 
experience that heating in a 


best impact values. 


Hump furnace with a cyanide 
With proper design, however, impact values are of 
secondary importance with wearing qualities much more preferred. Bet 
ter wearing is accomplished by running a cyanide gear with a Hump 01 
electric furnace gear. 


wash giv 





Written Discussion: By 8. 
Company, South Chicago Works. 


A. Richardson, Interstate Iron and Steel 


It appears to the writer that Mr. Davis’ paper, ‘‘ Metallurgical Prob 
lems of Transmission Gearing’’, is a contribution in a real sense to th 
general knowledge of this important subject. The facts set forth obviously 
represent the mature experience of an up-to-date manufacturing organiza 
tion. In many plants where the management is not so keenly alive to th 
possibilities of technical co-operation some of the items recorded in this 
paper are jealously guarded ‘‘trade secrets’’. 

It is the observation of an outsider that the production of automobile 
gears that run quietly enough to satisfy the modern closed car trade 
involves many unique problems in closely controlled annealing, specialized 
machinability, and distortionless hardening operations. The kind of ma 
chinability demanded for the best results with the various machine tools 
used in a gear plant is not the same. It appears, for instance, that the 
microstructure that would permit of maximum produetion in the lathe 
operations would be likely to produce stringy or ragged surfaces on thi 
gear teeth in the gear shaper operations. To keep the plant operating 
smoothly it is, therefore, necessary for the metallurgist to strike a balance 
between these requirements. Mr. Davis has illustrated this 
desired microstructure in Fig. 9. 

In his interesting discussion of earburizing gear steels, Mr. Davis has 
mentioned the modern tendency to eliminate the high temperature or core 
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efining treatment. The omission of this treatment favors decrease in 
decarburization and distortion—both factors of grave importance to the 
gear manufacturer. In this connection it may be interesting to consider 
the following average physical properties of S.A.E. 2315 and 2512 steel 
ore stock after treatment with and without core refinement. The test 
pieces were subjected to a carburizing treatment for 10 hours at 1675 
degrees Fahr. without carburizing compound in the box, cooled in the box, 
and then treated as shown, 


SA E. 2315 Steel 





Tensile Strength Yield Point Reduction of Area Elongation 
Reheated to 1550 degrees Fahr., oil-quenched, then heated to 1380 degrees 
Fahr., oil-quenched., 


81,000 53,400 72 per cent 32 per cent 
c Single treatment. 1425 degrees Fahr., quenched in oil. 
84,400 62,000 69.5 per cent 27 per cent 





Steel 













S.A.E. 2512 
Tensile Strength Yield Point Reduction of Area Elongation 
Reheated to 1550 degrees Fahr., oil-quenched, then heated to 1350 degrees 
Fahr.> oil-quenched. 


101,750 86,200 65 per cent 22 per cent be 





Single treatment. 1425 degrees Fahr., quenched in oil. 


100,200 86,000 65 per cent 23 per cent 




































of the fact 
stronger or no more resistant to crushing than is the core which supports 


; In view that the case of a gear is considered to be no 
it, there appears much to be said in favor of the single treatment. This 
would appear particularly to be true when the carbon of the core is on the 
low side of the usual range. 

Mr. Davis has mentioned the steel manufacturer’s part in producing 
good transmission gears. The alloy steel manufacturers recognize their 
responsibility. They have devoted much study and research to the pro- 
duction of the high quality steel needed to meet the severe requirements 
of the automotive industry. Mr. Davis mentions various types of con- 
tinuous and automatic furnaces which, when set, will produce gears day 
after day that will meet a very narrow and drastic specification. Alloy 
steel makers through the uniformity and quality of their product have 
made possible this highly efficient and economical mass production of the 
parts that make up the modern light weight high speed automobile. 


presets 


Written Discussion: By Henry Wysor, metallurgical engineer, Bethle- 
hem Steel Company, Bethlehem, Pa. 

[t has been my privilege to witness operations at Warner Gear before 
and sinee the installation of the continuous furnaces. I feel that Mr. 
Davis is very generous in presenting so much useful information, repre- 
senting many years of research, and is too modest in his claims with respect 





to the part he has played in bringing a tedious process to so high a state 
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er 





of perfection. 





The principle of repeated heating and cooling has 
been known as an effective means for treating steel to 





minimize 
tortion in the final treatment. It is a real triumph in the art of in 








I 











trial gearing to combine this principle with production and control. 
The comfort and utility of the motor car are very largely invo 
with inherent and obscure properties of steel. 











The steel man is, therefore. 
concerned not only from a selfish, personal standpoint with such p 





rob 
lems as quiet serviceable gears, but he is by position obligated to assist 
in every possible way towards the solution of such difficult problems. 

As Mr. Davis has shown, gear noise is, to a large extent, du 
distortion of the steel and he has described the refinements whieh 
been employed in treatments to minimize distortion. 



































nave 








[t is difficult to specify the properties required in steel with respect 
to distortion, but desirable conditions can be produced and, to a certai) 
extent, controlled at the steel works. Freedom from inelusions and homo 
geneity contribute very largely to the end desired. 
found in any grade of steel. 














Inclusions may lx 
As such they may be harmless, but when 
in exeessive amounts and associated with concentrations of ferrite th 
become bad actors. 























\ 

Regular small-sized crystal grains are desirable and 

there should be as even a distribution of carbide within the grains 
~ 




















as 
well as throughout the mass. The so-called normality classification serves 
a good purpose when there is perfect understanding between the vendor 
and the fabricator of the steel. 


























Adherence to any such plan requires 
special practice at the open-hearth and a certain amount of selection in 
the allocation of the product with the attendant penalty on manufacture. 
It is necessary to have an outlet for off-grade material when these re 
finements are supplied. 




















Another thing of great importance in the manufacture of the steel is 
proper control of heating and cooling at the rolling mill. It is not only 
necessary that the ingots and billets be properly heated for rolling but 
it is equally and in some respects more important that the cooling from th: 
hot bed be controlled. 























B. F. SHepHerRD: Mr. Davis deserves a great deal of commendation in 
presenting this paper and he has ealled attention to several facts which are 
also capable of much wider application than gears. One of those is lubrication, 
and in one of his photomicrographs he showed a gear tooth which he claimed 
was starting to fail due to over-stress, and the outside of that photomicrograph 
showed a white border. Of course, it is rather foolish to attempt to say what 
that metallographic constituent is from an examination of the slide, but |! 
would like to ask Mr. Davis whether it is ferrite or not. We have had cases 
where severe trouble due to wear on tool steel was not due.to lack of hardness 
of the tool steel but was due to such severe service; heavy surface pressure, 









































combined with a small amount of very rapid movement on the surface, deve! 
oped a surface temperature sufficient to thoroughly draw—and by ‘‘ draw,’ 
I mean reduce the hardness to a hardness comparable to the material in its 
annealed state—form a very slight film on the surface, a distance of pos 
sibly 0.010 and a maximum of 0.015. Now, that soft material, of course, 
wore very rapidly, and as it was removed, the friction continually softened 
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the material underneath until the part rapidly wore out. 

Mr. Davis also speaks of the heats of steel which, although of the same 
chemical composition, would show great differences in physical properties. 
| think that that is something which is going to deserve a great deal more 
study for the development of methods of determining these off heats of steel 
nefattt they get into the regular product. In some measure it goes back to 
the old controversy as to whether steel, particularly tool steel, should be 
bought on brand name or chemical analysis, and I think that we are gradually 
awakening to the fact that chemical analysis in itself is only a very small 
part of the story. 


Author’s Replies to Discussion 









Reply to B. F. Shepherd, 


















The photograph to which Mr. Shepherd refers 


5 is not etched and only of 10 diameter magnification. The light areas are 

Fe the high points on the tooth surfaces and the dark areas the pits. The 

: purpose of this cut is to show the process of flaking and disintegration 
resulting from overstrained tooth surfaces. 

| do not believe that gradual breaking down of the hard microconstituents 

by annealing action is initially a factor in tool failure when the edges are 

: sharp and lubricated with oil and cutting compounds, but might be true after 

; the edge is dulled and considerable resultant frictional heat develops. When 

, frictional heat develops more rapidly than it is possible for the heat to be 

: radiated by the steel mass behind the cutting edge and the heat absorption 


of the cutting compound, enough local temperature may be developed to 
soften the area of the tools affected by the cutting action. 

Reply to 8. A. Richardson. Mr. Richardson’s data on @.A.E. 2315 and 
S.A.E, 2512 are, no doubt, true according to the way his tests were made, 
but is not exactly the same condition when we consider the forging and car 
burizing variables which enter into productive heat treatments. 


[ append a series of impact tests made on a second speed sliding gear 















of S.A.E, 2320, showing the results obtained from gears given both the single 
and double heat treatments. This test was performed by dropping a 20-pound 
weight onto a rack meshed with the gears tested. The gear itself was anchored 
in a block. In this model a 60-foot impact would have given ample factor 
of safety and a single heat treatment proved satisfactory. It may be noted 
that some of the single heat treatment gears are higher in impact than some 
of the double heat treatment gears, although the average is higher in the 
double heat treatment gears. Results are given in foot-pounds. 





Single Treatment 
70 


, 65, 80, 65, 80, 75, 65 








Double Treatment 


70, 95, 85, 70, 90, 75, 95, 100, 95, 95, 80 













Reply to E. W. Pierce. Mr. Pierce has called attention to the variety 
of structures desired by different gear makers. For gear hobbing a spheroi- 
dized cementite might be best suited, whereas, for Fellow-generating a lamellar <4 
pearlite is preferred, or one with a certain percentage of sorbitic pearlite. 
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[t is difficult to obtain any structure ideal for all tooling operations. 
broaching of holes requires a sorbitic structure to obtain the best 
S.A.E, 6150 steel would require a different structure than an 8.A.E, 2350 
and an 8.A.E, 2320 different than either: 

Mr. Pierce’s comment on grain size in the initial steel is an imy: 
item which deserved some consideration in my paper. When one is de: 
in decimals of a thousandth part of an inch and the success of gear harden; 
depends on so many minor factors the matter of uniformity of grain size j 
to be neglected. 

In regard to Mr, Pierce’s comment on compactness in annealing we hay, 
not found this so important when annealing is done in an under-fired furnac 
In an over-fired furnace the blast must penetrate thoroughly throughout th, 
mass and means must be used for enough spacing between the forgings so 
that good circulating is possible. 


Reply to M. J. MacKenzie. The impurities in steel may be classed 
those rejected in the grain boundaries and those existing as mechanics 
impurities. Both are serious causes of gear troubles of all kinds. I hav 
no exact data on the harmful effects of the first because our gear stee! is 
singularly free from it. The latter, which consists of particles of slag and 
oxides, interferes with the accuracy of tooth cutting by peeling cutters a 
producing high plus streaks on the gears. 

Il agree with Mr. MacKenzie that all high carbon gear steel should 
be hot sheared. Almost any temperature above 750 degrees Fahr. is satis 
factory. Even low temperatures up to 400 degrees Fahr. are better than 
cold shearing. 


1 


In regard to more information concerning physical vagaries we may best 
illustrate this by assuming that all heats of gear steel purchased within 
narrow chemical limits and by the best alloy practice should be always tli 
same in the response to annealing, hardening and volumetric changes. Yet, 
they do not always follow obediently to established metallurgical procedure 
and sometimes produce baffling problems which the test tube or the micro 
scope does not reveal. Often the same analysis of gear steel from two dit 
ferent makers show a marked change in properties. These differences men 
tioned are usually not serious but enough to necessitate some changes in hea! 
treating practice. We may establish a volume increase standard of 0.001 inch 
per linear inch of volume. But it is not always 0.001 but sometimes less 
and sometimes more. Main drive shaft gears will sometimes warp more thi 
at other times. The structure and Brinell hardness of annealed gears show 
unaccountable changes when annealed by a standardized cycle. 

Mr. MacKenzie desires more information regarding forging temperatures 
and the prevention of decarburizing. We have found that the higher tem 
peratures up to 2350 degrees Fahr. do not decarburize the surface in spit 
of the large amount of scaling or surface oxidation, but the dangerous ‘ec 
carburizing temperatures are between 1500 and 1800 degrees Fahr. and this 
is more marked in a neutral or reducing atmosphere than in an oxidizing 
I favor fast forging heats and freely scaling ones to slower or soaking he:ts 
for the higher carbon gear steels. 
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EFFECT OF QUENCHING AND TEMPERING ON THE 
HARDNESS AND IMPACT RESISTANCE OF A HIGH 
CHROMIUM-SILICON STEEL 


By F. T. Sisco 


Abstract 


This paper gives the result of an investigation on 
quenching and tempering temperatures on an alloy steel 
containing 1.2 per cent carbon, 1.2 per cent silicon and 
18.0 per cent chromaum. The best quenching tempera- 
ture was found to be 1800 to 1850 degrees Fahr. The 
steel retains its hardness at all temperatures below 1000 
degrees Fahr. The Izod impact values are low and are 
but little affected by varying the tempering tempera- 
tures. 


ROM time to time, as new heat and oxidation resisting steels 
are made, samples of these steels are submitted to Wright Field 
to determine their possible suitability for airplane engine valves. 
Among the requirements of a steel for airplane valves, two points 
are very important: (1) the steel should not oxidize excessively 
at any temperature below a red heat; (2) the steel should retain 
its hardness at elevated temperatures. In addition a fairly tough 

oa F steel, as measured by its resistance to impact, is also desirable. 
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line The steel used in these experiments was a new high carbon, 
micro high silicon, high chromium steel with fairly good oxidation resist- 


p dil ing properties. The composition is as follows: 
men 

) heat Per Cent 
lL inch Carbon 

lies Manganese 

Silicon 

Sulphur 0.017 
Phosphorus 0.037 
Chromium 18.00 


» than 


show 


atures 
' tem os "I i Fs ‘ 7 
spit lhe experiments summarized in this paper were made on this 


as de steel to determine: (1) the quenching temperature which would 
d this a 


Published by permission of the Chief of the Air Corps, War Department. 


lizing 


heats _ The author, F. T. Sisco, is Chief, Metallurgical Laboratory, Air Corps, 
War Department, Wright Field, Dayton, Ohio. Manuscript received July 
31, 1928. 
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give the best combination of hardness and toughness, and (2) the 
effect of the tempering temperature on these two properties. 

The material available was in the form of a hot-rolled and 
annealed 1144 inch round bar. One hundred and eight standard 
Izod V-notch impact’ specimens were machined from this bar. 
Forty-five of these specimens were used to determine the effect of 
quenching temperature and 63 specimens were used to determine 
the effect of tempering temperatures. The various quenching and 
tempering temperatures are shown in Tables I, II and III. A\| 
quenching was in oil. 

Brinell hardness (3000 kilograms, 10-millimeter ball) and 
Rockwell hardness (150-kilogram load, C Seale) tests were made on 














Table I 
Effect of Quenching Temperature on Impact Resistance and Hardness of 
High Chromium Silicon Steel Tempered at 800 Degrees Fahr. 
Izod V-notch Impact—Average of Two Tests 
















Quenching Temperature Izod Impact Rockwell Hardness 
degrees Fahr. ft. lb. C seale—150 kg. 
1450 1.25 18.2 
1500 1.25 18.0 
1550 2.00 18.7 
1600 2.50 42.7 
1650 2.50 46.0 
1700 2.00 51.3 
1750 3.00 53.2 
1800 3.00 55.5 
1850 3.00 57.0 
1900 3.00 57.9 
1950 3.50 57.0 
2000 3.50 55.7 
2050 4.00 51.3 
2100 5.00 42.7 
2150 4.50 39.9 

















the impact specimens after these were broken. Metallographic speci- 
mens were taken from the end of the impact specimen. 

Impact results are given in actual foot pounds. The specimens 
were machined with sufficient accuracy so that it was not necessary 
to reduce the impact value to foot pounds per square inch. 


RESULTS 


The effect of varying the quenching temperature for a temper- 





‘The standard Izod V-notch specimen used was: 2.950 inches x 0.394 inch x 0.394 inch 
with a 45-degree notch 0.079 inch deep. 
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HIGH CHROMIUM-SILICON STEEL 


Table II 
Effect of Quenching Temperature on Impact Resistance and Hardness of 
High Chromium Silicon Steel Tempered at 1100 Degrees Fahr. 





Izod V-notch 
Quenching Temperature Izod Impact Rockwell Hardness 
degrees Fahr. ft. lb. C scale—150 kg. 

1450 Not tested 

1500 Not tested jhe 
1550 2.00 19.5 
1600 2.00 33.8 
1650 2.00 36.3 
1700 3.00 38.8 
1750 4.00 40.3 
1800 3.50 41.3 
1850 3.50 42.3 
1900 3.00 44.0 
1950 3.50 44.5 
2000 3.50 46.3 
2050 2.00 53.3 
2100 2.50 54.3 
2150 4.00 44.3 


ing temperature of 800 degrees Fahr. is shown in Table I, and for 
a tempering temperature of 1100 degrees Fahr. in Table II. 

The steel starts to harden when quenched from 1600 degrees 
Kahr. and attains its maximum hardness with hardening tempera- 
tures between 1800 to 1950 degrees Fahr. When quenched from 
2000 degrees Fahr. and above, an increasing amount of austenite is 
formed with corresponding decrease in hardness (Table I). An 
interesting fact brought out by the impact results is the low resis- 
tance of the steel quenched from 1450 to 1550 degrees Fahr.; 
temperatures apparently below the hardening range. The impact 
resistance remains fairly constant for quenching temperatures of 
1750 to 2000 degrees Fahr. Above 2000 degrees Fahr. (Table I) 
the impact value increases with the retention of an appreciable 
amount of austenite. 

Table II also shows that the steel attains its maximum hard- 
ness when quenched from 1850 to 2000 degrees Fahr. The higher 
tempering temperature, 1100 degrees Fahr., has had the effect of 
transforming the austenite formed, either wholly or partially, 
with quenching temperatures of 2000 degrees Fahr. and above, to 
martensite. This is apparent from the hardness results in Table II. 

Krom the results obtained by varying the quenching tempera- 
ture (Tables I and IL) a temperature of 1800 to 1850 degrees Fahr. 
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Table ITI 
Effect of Tempering Temperature on Impact Resistance and Hardness of 
High Chromium Silicon Steel Quenched in Oil from 1800 Degrees Fahr. 

Average of Three Tests 






































































Drawing Temperature Izod Impact Rockwell 
degrees Fahr. ft. lb. C Seale Brine!| 

As Received Annealed 2.41 19.0 231 
None 2.75 59.0 608 
400 3.25 56.0 560 

500 2.60 55.8 555 

600 3.01 55.5 547 

700 2.83 56.0 560 

800 2.58 56.0 560 

900 2.75 58.0 573 

950 2.91 57.3 575 
1000 3.00 54.7 534 
1050 2.75 47.0 44] 
1100 2.91 42.5 401 
1150 3.41 41.0 380 
1200 4.00 40.0 373 
1250 3.80 38.0 352 
1300 4.25 35.0 333 
1350 4.30 33.0 313 
1400 5.10 29.7 290 
1450 4.31 28.5 280 
1500 4.33 26.0 263 
1550 4.33 25.0 259 








was fixed for the tempering experiments. These results are given 
in Table III. Two important facts are brought out in this table: 
(1) the hardness of this steel quenched in oil from 1800 degrees 
Fahr. does not diminish until a tempering temperature of 1000 
degrees Fahr. is reached; (2) the impact resistance remains fairly 
constant for tempering temperatures of 1100 degrees Fahr. and 
below. At this temperature it increases slightly but remains prac- 
tically constant for all tempering temperatures above 1100 degrees 
Fahr. 

The difference in impact resistance for the steel quenched and 
tempered at 1500 to 1550 degrees Fahr. and the same steel in the 
annealed condition should be noted. As received the material had 
an impact resistance of 2.4 foot pounds and a Brinell hardness of 
231 (Table III). As quenched in oil from 1800 degrees Fahr. and 
tempered at 1500 to 1550 degrees Fahr. the impact resistance was 
4.3 foot pounds and the Brinell hardness 260 (Table III). 

The microscopic structure of the steel after various treatments 
shows little of importance. Fig. 1, is the average structure of the 
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HIGH CHROMIUM-SILICON STEEL 


Fig. 1—Photomicrograph Showing Average Structure of the Longitudinal Section of the 
Material as Received. Fig. 2—Photomicrograph Showing the Structure of the Material as 
Quenched in Oil from 1800 Degrees Fahr., but not Tempered. Fig. 3—-Photomicrograph of 
Material Showing the Structure as Quenched and Tempered at 950 Degrees Fahr. Fig. 4— 
Photomicrograph Showing the Structure of the Material as Quenched and Tempered at 1200 
Degrees Fahr. Magnification Figs. 1, 2, 8, 4, * 500. 
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Fig. 5—Photomicrograph Showing Structure of the Material as Quenched and Tempered 
at 1500 Degrees Fahr. Fig. 6—Photomicrograph Showing Structure of Specimen Quenched 
in Oil from 2100 Degrees Fahr. and not Tempered. Magnification Fig. 5, x 500; Fig. 6, 
x 1000. 


longitudinal section of the material as received, and Fig. 2, as 
quenched in oil from 1800 degrees Fahr. but not tempered. There 
is no indication of austenite in the microstructure of the hardened 
specimen. Fig. 3, is quenched and tempered at 950 degrees Fahr. 
The structure is very similar to that shown in Fig. 2. Tempering 
at 1200 degrees Fahr. has mostly transformed the martensitic 
matrix evident in Figs. 2 and 3, probably to troosto-sorbite (Fig. 4). 
The highest tempering temperature, 1500 degrees Fahr. has 
changed the structure further (Fig. 5) until it resembles closely 
the structure of the annealed material (compare Fig. 5 and Fig. 1). 

The retention of austenite when this steel is quenched from 
2100 degrees Fahr., as indicated by the lowered hardness in Tables 
I and II, is evident in Fig. 6. This specimen quenched in oil from 
2100 degrees Fahr. and not tempered shows the characteristic 
austenite grains. 

In preparing the steel for microscopic examination it was 
found to be impossible to etch the specimens in alcoholic nitric 
or alcoholic picric acid, These two common etchants had no effect 
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on the polished surface. Consequently a nitric acid solution of 
ferric chloride had to be used. 


CONCLUSIONS 


1. Steel containing 1.2 per cent carbon, 1.2 per cent silicon, 
and 18.0 per cent chromium attains the maximum hardness when 
quenched in oil from 1850 degrees Fahr. 

2. Steel of this composition retains its hardness for all tem- 
pering temperatures below 1000 degrees Fahr. 

3. The steel has low resistance to impact. The resistance is 
but slightly affected by high tempering temperatures. 

4. Quenching below 1600 degrees Fahr. does not harden the 
: material. Quenching above 2000 degrees Fahr. results in the forma- 
tion of some austenite with lowered hardness and increased notch 
toughness. 
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SILICON-MANGANESE STEELS WITH CHROMIUM ADD]. 
TIONS FOR ENGINEERING APPLICATIONS 


By A. B. Kinzeu 


Abstract 


This paper discusses silicon-manganese steels of 
medium carbon content. It states that these steels ar 
highly suitable for engineering purposes and are sus- 
ceptible to heat treatment. The addition of a hardening 
element, particularly one per cent chromium, increases 
the susceptibility to heat treatment and ease of applica- 
tion of heat treatment. Silicon-manganese-chromium 
steels are stated to be superior to silicon-manganese or 
straight manganese steels similarly heat treated. Physi- 
cal properties of the silicon-manganese-chromium steels 
are said to be of the same order as those of the best 
alloy steels similarly heat treated. 


INTRODUCTION 


HE use of silicon steel and silicon-manganese steel for structu- 

ral purposes has long been known and the status of these steels 
has been well described by Dr. H. W. Gillett in the Bureau of 
Standards Technologic Paper No. 331. In this paper Dr. Gillett 
reviews the history, gives the properties and status of these steels 
and includes a very excellent bibliography. In addition to the facts 
brought out by Dr. Gillett it is generally known that a silicon-man- 
ganese steel with a high carbon content is well adapted to certain 
tools and that a silicon-manganese steel with a medium carbon con- 
tent is suitable for springs. The value of heat treated silicon- 
manganese steels for automotive parts and general engineering pur- 
poses of a similar nature has not been generally appreciated, al- 
though the use of manganese steels for these purposes is fairly 
general. 

Accordingly, a study of the effect of heat treatment on steels 
with varying silicon and manganese contents in the 0.20 to 0.40 


A paper presented before the tenth annual convention of the American 
Society for Steel Treating, held in Philadelphia, October 8 to 12, 1928. The 
author, A. B. Kinzel, a member of the society, is metallurgist with the 
Union Carbide and Carbon Research Laboratories, Inc., Long Island City, 
N. Y¥. Manuseript received August 7, 1928. 
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per cent carbon range has been made. This has been followed by 


the study of the effects of hardening elements, particularly chro- 
mium, in order to make the heat treatments more effective. 


SILICON-MANGANESE STEELS 








2 In the study of these steels a few preliminary heats were made 
©» ina laboratory 6-pound induction furnace to indicate the carbon 
© range desired. This was not deemed to be a satisfactory method 
» for general study as the size of the heats was too small to be rep- 
» resentative of results obtainable in commercial practice. Accord- 
" ingly, 300-pound heats of the material were made in an electric 
¢ ; . ‘ ° . ° 
» furnace and in each case the heat was split in three ladles with 
1 varying silicon additions. Table I shows the analyses of these heats. 
b Table I 
t Chemical Composition of Steels 
Fg siberian —— 
ie Per Cent 
NM © Mn . “ 
ruectu He 0.24 0.59 0.019 0.004 
t 
Steels a 
au of B 0.002 
rillett F 
steels 0.002 
facts 
-man- inal r 0.002 
srtain . 
1 con- —aereteraeieenteatiataaeeat ciara 
licon- : : 
Heat No. 1 contained a small amount of vanadium and heat 
t pur- oa 5 
i No. 3 small amounts of chromium and vanadium picked up from 
» Gm 


the serap or furnace lining. The quantities were considered to be 
too small to affect the results. 

It is appreciated that the sulphur and phosphorus are very 
low and that the properties are probably somewhat improved. How- 
ever, the material was cast in small ingots so that the reduction in 
ines area on hot working was much less than in the case of usual com- 
; mercial practice, and the properties were probably somewhat ad- 

City, versely affected. It is realized that these steels may not be directly 
compared to the usual large scale commercial alloy steels, although 


the general category into which they fall may be fairly well esti- 


fairly 
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Table II 
Physical Properties of Heat No. 2 Following Various Treatments 
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& 43 od — e 
or be 1 
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S 2 “© 2” S 
con & Oo =| 
° ® =a ow 
a. ” . ~o —c 
n sa s 2 > & 
= 2 £2 wo 3° 
=a a & = 1-1 
2, : S Sk S* : 
si >e a, fe &, 2 
A As forged and rolled 58 92 26 50 28f 
B 59 93 28 5 3 
61 95 25 48 33 








Annealed 






















51 86 27 49 
I 52 85 26 42 39f 
© 60 88 28 53 
Quench Temper 
A 1650° F. Air dwes 57 92 29 62 rf 
B 59 94 28 62 


1740° F. Air soe 60 
980° 
890° 


890° 





1650° F. Water 980° F., 








1650° F. Water 890° F. 





1650° F. Water 800° F. 147 164 9 40 





46f 


d—deformation or bend 
f—fracture or break 
Composition of Heat No. 2—C 0.30 per cent, Mn 1.00 per cent, Si 0.50, 0.71, 0.99 per cent 





























mated. Accordingly the tables give values for comparative pur- 
poses on steels made in the same way except when otherwise speci- 
fically stated. 


The material forged and rolled with great ease. Heat No. 2 
was chosen to make a detailed study of the effect of heat treatment. 
The results of this study are shown in Table IT. 

It will be seen that the steels as forged and rolled have physical 


properties which compare favorably with those obtained after an- 
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Table III 
Physical Properties of Silicon-Manganese Steels after Water Quenching 
from 1650 Degrees Fahr. and Tempering at 890 Degrees Fahr. 


z Se ac S = 
t. _ ee — ay 
be to S ca] 
o Ss o 7; 
; R 2 & ~ 
e = = c = a 
By ~ TS) th bo ~ - 
a so DM @ e™ S 
BR = & 5 S 
Be ~ + =? 5 + Ss 
* - Ss D = © s&s 2S 
“e a rr bp © o $ - : 
as == om S = _ Per Cent 
cS oe 2} >! he = = : 
s a SSH > ss BS & fe 4 S Mn Si ( 
by re a - Q” é 
1 \ 122 132 11 56 67d 0.59 0.37 0.24 
+ } 1 133 S 46P 42d 0.54 
4 1 146 13 52 5 0.85 











A 139 150 10 38 5Of 0.97 0.52 0.29 
4 B 137 52 13 47 4sf 0.71 
155 11 42 53f 0.88 













































s 3 12 0.78 0.37 
ee B 146 160 14 47 46d 1.01 

ger C 148 161 1 50 44f 1.32 

{ D 130 160 12 40 30f 1.60 

1 D (750° F. Temper) 199 210 10 441 ~ # 2sf 1.60 

4 P 

x ' \ 147 159 13 54 49f 1.58 0.55 0.38 
Z B 143 156 14 48P 48d 0.60 

C 148 158 15 47 44f 0.84 

4 d-—deformation cr bend 

4 f—-fracture or break 

fs 








nealing or normalizing. As would be expected that quenching in 

' oil and tempering gives properties decidedly better than normal- 

| izing; not only is the strength increased but the ductility is im- 
proved as well. Within the limits used, the quenching temperature 
has not affected the results appreciably, although 1650 degrees Fahr. 
(900 degrees Cent.) seems to be the optimum temperature. Water 
quenching with subsequent tempering still further improves the 
properties. The superiority of the values after water quenching 
over the values after oil quenching is striking.. This is undoubtedly 
due to the more effective quenching of the low carbon steel. The 
effect of tempering temperatures will be noted to be typical; an 
increase in the temperature of tempering decreasing the tensile 
properties and improving the ductility. 

Based on the results obtained with this heat, the other heats of 
this series were water-quenched from 1650 degrees Fahr. (900 de- 
grees Cent.) and tempered at 890 degrees Fahr. (475 degrees Cent.) 
Specimens were air-cooled from the tempering operation, it having 
been determined that the properties were not affected by air cooling 
or furnace cooling from the tempering temperatures. In addition, 
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another set of samples was simply normalized from 1650 decrees 
Fahr. (900 degrees Cent.) Table III shows the results obtaine: 

It will be noted that the effect of silicon is to increase tho 
physical values with increasing silicon content, although above | 
per cent silicon the improvement seems to be relatively small and 4 
decrease in value of properties is noted with the very high silicon 












Physical Properties of Silicon-Manganese Steels after Normalizing 
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a ~. ~ = = ° 
3 a5 gp © ze - . 
== = S =” 3 Per Cent 
v ~ S th ~ te 5 ais 
ms — si 2 6. es & Mn Si ( 
1 A 58 77 26 57 58d 0.59 0.37 0.24 
Oo 55 79 $2 61 53d 0.54 
B 61 85 30 63 98d 0.85 










- 4 29 62 32f 0.97 0.52 0.98 
3 59 94 28 62 32f 0.71 
67 94 30 62 40f 0.88 








! 20 47 7 

B 73 104 27 60 suf 1.01 
C 76 106 27 58 25f 1.32 
D 80 111 25 50 28f 1.60 






4 A 73 109 20 54 23f 1.58 0.55 0.38 
B 71 109 226 54 24f 0.60 
C 76 109 21 50 26f 0.84 












d-—deformation or bend 
f—fracture or break 
























(3-D). The properties of this specimen were checked after a 1740- 
degree Fahr. (950-degree Cent.) quench. The effect of manganese 
in the heat treated state is also to increase the physical properties 
with increasing manganese, although here again the increase with 
more than 1 per cent manganese seems to be small. Carbon does 
not seem to have a very marked effect in the narrow range used, 
although it seems that 0.35 per cent carbon is better than 0.25 per 
eent. From the above data it would seem that 1 per cent man- 
ganese, 1 per cent silicon, and 0.30 to 0.35 per cent carbon is the 
best analysis for this type of steel. 

The properties on normalizing are of course very different. 
Normalizing fails to bring out the full effect of the alloying ele- 
ments and although the results are still very good, they do not have 
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Table V 









Physical Properties of Several Alloy Steels Air-Cooled from 
5 1650 Degrees Fahr. 
a daa 4 

te = - 

s es nN = Zc 

a ~. @ a & 

+ De & : 5 

oo 2 S a a. 
\ C Cr Si Mn | oe) et et a 
0.34 0.38 0.91 1.04 72 Lil 25 60 26 207 
0.34 0.73 0.91 1.04 75 122 20 58 12 241 
0.34 0.95 0.91 1.94 79 126 21 59 13 802 

0.18 0.34 0.94 0.91 0.72 93 131 19 59 6 

0.28 0.90 0.97 67 94 30 62 40 

0.41 26° 61 117 17 45 18 





*Air-cooled from 150 degrees Fahr. 








the striking excellence of the heat treated steels. Table IV shows 
the values obtained. 

It should be noted that a higher carbon content raises the ul- 
| timate strength, but at the sacrifice of ductility. Increasing the 
silicon content increases the tensile strength, but not markedly. The 
| effect of manganese, particularly up to 1 per cent, is much more 

important and decidedly beneficial. Thus, from the data for nor- 

malizing, the most suitable analysis would be 1 per cent manganese, 

1 per cent silicon and 0.30 per cent carbon. 

The following list of values is chosen from the table to illus- 
trate what may be expected from the heat treated 1 per cent sil- 
icon, 1 per cent manganese and 0.35 per cent carbon steels. 


















Elongation 








Yield Point, Ultimate Strength, per cent Reduction 
M. lbs. per sq. in. M. lbs. per sq. in. in 2 in. of Area, per cent Izod foot-pounds 
122 135 20 58 72d 
148 161 15 50 44f 
153 169 13 48 42f 
190 210 10 41 23f 


















It is appreciated that in a great many cases water quenching 
is impractical and that for certain applications the mass of the 
material might be such as to make even a water quench uneffective. 

In view of the excellent results obtained, particularly in the 
water-quenched and tempered state, and in view of the fact that the 
oil-quenched and tempered material shows properties which are not 
nearly as good as the water-quenched, the author visualized an 
improvement in these steels by the addition of a suitable hardening 
element. The addition of such an alloying element would so modify 


Physical 
1650 Degrees Fahr. and Tempered at 930 Degrees Fahr. 


Table VI 
Properties of Several Alloy Steels Oil-Quenched from 
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0.34 0.38 0.91 1.04 136 151 18 50 35 9} 
0.34 0.73 0.91 1.04 150 166 15 50 24 840 
0.34 0.95 0.91 1.04 151 167 15 48 24 340 

0.18 0.354 0.94 0.91 0.76* 158 175 12 39 24 
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*Tempered at 975 degrees Fahr. 


the characteristics of the steel as to make the effect of an oil quench 
on the modified steel more nearly like that of a water quench on the 
original steel and would increase the quenching effect of air cooling. 
Chromium is one element with which to accomplish this, although 
molybdenum, tungsten, vanadium and the like have also been used. 

Accordingly, 6-pound heats were made with varying chromium, 
silicon, manganese and carbon contents. The results obtained on 
the 6-pound heats showed the most suitable range but were not 
considered as sufficiently representative. Accordingly, a 300-pound 
heat split into three parts—carbon, 0.34 per cent; silicon, 0.91 per 
cent; manganese, 1.04 per cent; and chromium, 0.38, 0.73 and 0.95 
per cent, respectively, was made. The ingots were forged and rolled 
in the laboratory, no difficulty whatever being experienced in the 
reduction. Tensile test specimens and impact specimens were air- 
cooled from 1650 degrees Fahr. (900 degrees Cent.) and others 
were oil-quenched from 1650 degrees Fahr. (900 degrees Cent.) 
and tempered at 930 degrees Fahr. (500 degrees Cent.) and 800 
degrees Fahr. (425 degrees Cent.) respectively. Table V shows 
the results of air cooling, together with some results previously ob- 
tained on other steels made in the same way, the analysis of which 
ig given. Tables VI and VII give values obtained on heat treat- 
ment. 

It will be noted that the tensile properties increase with the 
chromium content and that the tensile test ductility does not ap- 
preciably drop off, although the shock resistance does. Aside from 
the shock resistance, the steels are well superior to silicon-man- 
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SILICON-MANGANESE STEELS 








Table VII 
Physical Properties of Several Alloy Steels Oil-Quenched from 
1650 Degrees Fahr. and Tempered as Shown 
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to a -. 2 & =< 2 
@ So ge Ye 5 = 
a5 72 — ee. Ue @ 
. "2 Dh om: - = ey Y S me 
\ Cr Si Mn Be > s Ds RA wee& os fa 
0.34 0.38 0.91 1.04 800° F. 140 159 23 840 
0.34 0.73 0.91 1.04 800° F, 177 201 10 42 26 875 
0.34 0.95 0.91 1.04 800° F. 178 201 10 38 22 387 
0.28 0.90 0.97 890° F. 89 115 20 54 59d 
0.41 1.63* 127 141 10 50 25 
0.28 0.90 0.97** 153 169 13 48 42 


@ —deformation or bend. 
*Oil-Quenched from 1560 degrees Fahr. Tempered 750 degrees Fahr. 
**Water-Quenched from 1650 degrees Fahr. Tempered at 800 degrees Fahr. 











ganese steels and manganese steels in the normalized state. When 
the impact value is taken into consideration, it is a question of 
weighing the results, depending on the particular application in 
mind. 

In the oil-quenched and tempered condition the superiority of 
the silicon-manganese chromium steels is even more pronounced. 
The values are only equalled by the water-quenched silicon-man- 
ganese steel while those of the manganese steels fall short of them. 

In the writer’s opinion, judging from the data at hand, the 
general physical properties of these steels compare very favorably 




















Table VIII 
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Per Cent ic s - Su 
c Si Mn Cr Vv Ni he Se Ba ws 
S.A.E. 0.84 0.91 1.04 0.38 136 151 18 50 
0.34 0.91 1.04 0.73 178 201 10 42 
0.34 0.91 1.04 0.95 151 167 15 48 
2330 0.30 3.5 12 152 12 62 
3130 0.80 0.60 1.25 125 150 15 57 
3230 0.30 1.16 1.75 152 178 15 48 
3435 0.35 0.80 8.00 162 188 14 55 
6145 0.45 0.95 0 18 142 167 20 53 
6130* 0.30 1.00 0.18 180 200 14 50 








*Water quenched. 
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with those of the other steels here mentioned. For purposes of 
further comparison Table VIII includes some published values oy 
rarious alloy steels of the S.A.E. series, all oil-quenched and tey, 
pered except 6130, which has been water-quenched. It is obvious 
that no absolute comparison may be made due to the different 
conditions of manufacture of the silicon-manganese-chromium steels 
and the 8.A.E. steels. However, it is evident that the physical 
properties of the silicon-manganese-chromium steels are of the same 
general order as those of the more expensive S.A.E. steels here 
shown. Figures which are completely satisfactory for purposes of 
comparison must await the production of the former steels on 4 
manufacturing scale. 


SILICON-MANGANESE STEELS WITH CHROMIUM AND TUNGSTEN 
ADDITIONS 


In order to indicate the nature of the change which is pro. 


duced by the addition of another hardening element the results of 


a heat which was made in the 6-pound furnace with the following 
analysis are given: 


Per Cent 
Carbon 


eee ee wn ene eeeee 


Chromium 

Manganese .......:.... 1.06 
OR. Ske nc cd uence ese 
Silicon 


The material forged and rolled with ease. On normalizing 
from 1650 degrees Fahr. (900 degrees Cent.) and tempering at 
750 degrees Fahr. (400 degrees Cent.) this gave a yield point of 
115,000 pounds per square inch, an ultimate strength of 147,000 
pounds per square inch, 20 per cent elongation and 45 per cent 
reduction of area with an Izod value of 30f. This shows that 
material of this analysis when normalized and tempered has char- 
acteristics similar to the straight silicon-manganese steels as 
quenched and tempered. When water-quenched and tempered at 
890 degrees Fahr. (475 degrees Cent.) a yield point of 170,000 
pounds per square inch and 194,000 pounds per square inch ulti- 
mate strength resulted. The ductility, however, was very poor. 
Three per cent elongation, 16 per cent reduction of area and 14 
foot pounds Izod resulted. This probably could be improved by 
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the use of a suitable tempering temperature. The results illustrate 
the fact that the addition of hardening elements other than chro- 
mium either alone or in combination with chromium allow a much 
less drastic quench to be used to obtain a satisfactory quenching 
effect. 


CONCLUSIONS 


1. Silicon-manganese steels of medium carbon content (0.35 
per cent) are highly suitable for engineering purposes and decid- 
edly susceptible to heat treatment. 

2. The susceptibility to heat treatment and ease of applica- 
tion of heat treatment of the above steels is greatly improved by the 
addition of a hardening element, notably 1 per cent chromium. 

3. The physical properties of the silicon-manganese-chromium 
steels are superior to those of the silicon-manganese or straight 
manganese steels similarly heat treated. 

4. The physical properties of the silicon-manganese-chromium 
» steels here shown are of the same order as those of the best alloy 
' steels similarly heat treated. 
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DISCUSSION 


AtvAN L. Davis: Mr. Kinzel’s paper interests me very much, not so 
much on account of its novelty, as on account of its being brought for- 
ward before this society. The type of steel which he speaks of is a steel 
which has been made, I believe, by many steel companies. The Crucible 
Steel Company of America as far back as 15 years ago made it commer- 
cially. It probably has not won the place that it deserves in the annals 
of this society and, perhaps, of the automotive societies. I think it is 
true, though, that the silicon-manganese steels form a proper base which 
can be toned up and improved by the addition of not only chromium, but 
also nickel, and if it comes to a question of producing the very best thing 
that you ean get, where you must have the maximum ductility for a given 
strength, then you may go to the extent of adding vanadium as well. A 
case where that would come in, as well as in aircraft engineering, is in 
gun shields, where we require the maximum protection for the smallest 
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weight. During the world war a great many gun shields were turned , 
of this type, a silicon-manganese base, hardened with chromium and y: 
dium and, in some cases, with nickel, too. 

So it is not so much as an innovation that Mr. Kinzei’s paper comes 
before us, but by way of getting this information before people who ought 
to have it. For that reason I think it is very apropos. 

I might add that I had in mind steels containing about two per cen 
silicon. 


Author’s Reply to Discussion 


It is true, as I said in my opening remarks, that silicon-manganes 
steel is not a new steel. It is also true that silicon-manganse steel has not 
won the place in the field of heat treated steel that it should have. | 
think that one reason for this is that most of the silicon-manganese ste 
used has been of comparatively low silicon or manganese type. To th 
best of the writer’s knowledge this steel has a much higher silicon and 
manganese content than has been used in the previous steels to whic! 
other alloys have been added. 


With respect to the alloy steels for ordnance purposes mentioned }b) 4 a 
Mr. Davis, as far as the writer can find out this work was all done on 4 A ny 
nickel-silicon steel base and not a manganese-silicon steel base. Since gi 4 bi 
ing the discussion, Mr. Davis has referred the writer to an article by Mr. 1 W 
Johnson in the American Society for Steel Treating, TRANSAcTIONS, March, 1922 


It will be noted that here again the base is nickel-silicon and no mention 
of the manganese-silicon is made. In view of these facts, the writer feels 
he is correct in his original assertion that the steels here discussed ar 
novel. However, he is very appreciative of Mr. Davis’ discussion and 
realizes that he and Mr. Davis are in complete accord as to the technical 
and economical value of these steels. 
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A NEW DEVELOPMENT IN CORROSION-RESISTING 
STEEL 


By F. R. PALMER 


Abstract 


This paper points out a satisfactory means for m- 
proving the machinability and grinding properties of 
high-chronaum, corrosion-resisting steels. 

The effect of phosphorus and sulphur on these steels 
is briefly discussed and the use of zirconium sulphide 
is considered in detail. 

A free-machining corrosion-resisting 
scribed and its properties enumerated. 


steel as de- 


HE machinability of high-chromium, corrosion-resisting steels 

has been the subject of much study in shops where its use 
has been considered. Certain machining operations have been eco- 
nomically handled by specially ground or specially designed tools, 
but there is an urgent need for a free cutting ‘‘stainless’’ steel 
which ean be cut rapidly and economically with the ordinary shop 
tools and equipment. It was toward the solution of this problem 
that the present study was directed. 

The difficulty in machining high-chromium steels does not lie 
in their inherent hardness nor is it because they work-harden like 
manganese steel, their case is rather unique. The difficulty lies in 
the manner in which the chips adhere to the cutting edge of the 
tool. For some reason these steels have a very high coefficient of 
friction and tend to adhere to any surface with which they are 
brought into dynamic contact. This same tendency causes diffi- 
culty in grinding due to the chips adhering to the grits and thus 
loading the wheel. 

Of collateral interest is the tendency of these high-chromium, 


corrosion-resisting steels to gall, scratch, or seize in service. Pump 


shafts, valve stems, gate valve seats and similar moving parts 
sometimes gall or seize 


particularly if the pressures are high, and 
it was expected that a solution to the machining problem would 
favorably affect these other factors. 

A paper presented before the tenth annual convention of the society held 
in Philadelphia, October 8 to 12, 1928. The author, F. R. Palmer, a member 


of the society, is assistant to the president of the Carpenter Steel Company, 
Reading, Pa. Manuscript received July 19, 1928. 
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DEVELOPMENT 


The original research on this problem centered about a cor- 
rosion-resisting steel, (frequently called ‘‘stainless iron’’), of the 
following type analysis: 





Carbon Manganese Silicon Chromium 


0.10 per cent 0.40 per cent 0.40 per cent 14.00 per cent 





The work developed in three distinct stages. 

First, a series of steels was melted in which there was added 
to the above steel, phosphorus and sulphur—individually an 
jointly, in quantities up to about 0.12 per cent. These analyses 
forged and rolled well but showed little or no improvement in 
machinability. There was some evidence of improvement as the 
sulphur approached 0.12 per cent but high phosphorus seemed to 
have no beneficial effect whatever. 

The second stage consisted in adding abnormally large quan- 
tities of these metalloids, thus producing a series of twenty-two 
analyses containing phosphorus up to 0.50 per cent and sulphur 
up to 2.00 per cent with intermediate combinations of both ele 
ments. It is fruitless to go into detailed properties of each of these 
analyses since they served only as a means to an end,—and the 
end was not yet. 

It developed that phosphorus alone had little, if any, benefi- 
cial effect 6n the machining properties. On the other hand, this 
element, even up to 0.50 per cent did not interfere seriously with 
the hot working properties, although the temperatures were con- 
siderately held around 1800 degrees Fahr. 

Sulphur began to affect adversely the hot workability as soon 
as the additions exceeded about 0.15 per cent and all analyses, 
over about 0.20 per cent sulphur were commercially unworkable. 
However, where forged specimens could not be secured, machin- 
ing tests were made on cast specimens and it was found that sul- 
phur was the answer to the problem. The first beneficial effect 
of sulphur was noticed at about 0.12 per cent. Maximum machin- 
ing properties were obtained in the neighborhood of 0.30 per cent 
and while analyses were investigated up to 2.00 per cent sulphur, 
there was no worthwhile improvement above 0.30 per cent. 
Although sulphur had solved the original problem, it had in- 
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troduced another just as serious, namely, red shortness. Manga- 
nese, the normal antidote for high sulphur, was not available in 
this instance because high manganese is known to greatly reduce 
the corrosion resistance of the metal. 

The third phase of the development consisted in finding a 
form of sulphur which retained all the advantages of the pure 
metalloid with none of its disadvantages. It ultimately developed 
that ‘‘zireonium sulphide’’ completely answered this specification. 
Accordingly, the ultimate analysis proved to be 


Carbon Chromium Zirconium Sulphide 
0.10 per cent 14.00 per cent 0.40 per cent 









This zirconium sulphide treatment was applied to steels with 
chromium contents from 7.00 per cent to over 25.00 per cent, and, 
in all cases, it functioned effectively. 


ANALYSIS 





There is no type of high-chromium, corrosion-resisting steel 
which is better known nor more commonly used than that variety 
known as ‘‘stainless iron,’’ containing about 0.10 per cent carbon 
and 12.00 to 14.00 chromium. Accordingly, this type will be se- 
lected to describe the effect of zirconium sulphide and compari- 
sons will be drawn between the base analysis with and without 
zirconium sulphide additions. The type analyses of the two steels 
to be considered may be taken as follows: 


sé 


nn os 





Steel 1 Steel 2 











Per Cent Per Cent 
Se tk oe wi 0.10 0.10 
pF a 0.40 0.40 
I Eee SOEs a as cop bee bia ac 6.08 0.40 0.40 
ET ee ee 0.020 0.020 
EB erie anne ve 14.00 14.00 


oWs Vabdeddoeve 0.40 


The use of ‘‘zirconium sulphide’’ in the analysis might log- 
ically be questioned. Why not report them separately as sulphur 
and zirconium? This is not done because it would be totally mis- 
leading. It has already been shown that sulphur in excess of 
0.15 per cent ruins the hot working qualities of the metal. It has 
other objectionable features which make it impractical to use as 
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an alloy in corrosion-resisting steel. Zirconium sulphide, on the 
other hand, is a brand new component having properties of its 
own, and these properties are distinctly different from sulphur, 
(or manganese sulphide), in many ways. 

Fig. 1 shows an interesting example of this difference. Here 


Fig. 1—Sulphur Prints Showing that Zirconium Sulphide Does not Record on a Sulphur 
Print. A is Steel No. 1. B is Steel No. 2. C is Common Screw Stock. 


we have illustrated sulphur prints of regular stainless iron, the new 
free machining stainless iron treated with zirconium sulphide and 
Bessemer screw stock. It will be seen that there is no more 
sulphur printed on the new steel than on the regular stainless iron 


Fig. 2—Photograph of Corrosion Test Specimens Exposed to 5 Per Cent 
Sea Salt Spray for 240 Hours. A. Specimens of Steel No. 1 (Stainless Iron.) 
B. Specimens of Steel No. 2 (Stainless Iron with Zirconium Sulphide.) 


proving that there is no more sulphur, (or manganese sulphide), 
present. This forms an interesting contrast with the screw stock 
which contains 0.080 per cent. This same distinction between sul- 
phur, (manganese sulphide), and zirconium sulphide is further con- 
firmed by the hot working properties, the corrosion-resisting prop- 
erties and the physical properties, hence it is deemed advisable to 
report the sulphur in the analysis as zirconium sulphide. 
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CORROSION-RESISTING STEEL 


CORROSION- RESISTING PROPERTIES 
Zirconium sulphide appears to affect in no way the corrosion- 
resisting properties of the base analysis. Fig. 2 shows typical 
samples after 240 hours exposure in a 5 per cent salt spray. Com- 
mercial tests further indicate that the zirconium treated product 
will work out satisfactorily in contact with the same chemicals 
as are resisted by ordinary stainless iron. 


SCALE RESISTANCE 


The comparative resistance to scaling at elevated tempera- 


Fig. 3—Photograph of Scale Test Specimens Exposed to 1600 
Degrees Fahr., for 8 Hours. Specimen A is Steel No. 1. 


Specimen 
B is Steel No. 2. 


tures is illustrated in Fig. 3. The specimens were prepared by 
machining hot rolled bars down to about 14-inch diameter with a 
finely prepared surface. Both pieces were exposed at the same 
time to a temperature of 1600 degrees Fahr. for eight hours in 
an electrically heated muffle furnace. Vents were provided in the 
front and back of the furnace for free passage of air. 
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With the exception of a small patch of scale near the end of 
the stainless iron sample, there was no loose peeling scale acquired 
by either specimen. The surface is covered with a tight, dark 
gray film of scarcely measurable thickness. We should regard 
these two samples as equal in scale resistance, showing that zirco- 
nium sulphide has no effect upon this property of the steel. 






















Hor WorKING PROPERTIES 





Stainless iron treated with about 0.40 per cent zirconium sul. 
phide can be safely forged or rolled from temperatures up to 
2100 degrees Fahr. This figure represents the safe maximum tem- 
perature; higher heats are likely to show evidence of tearing in 
forging or rolling. 

Since regular stainless iron can be forged as high as 2300 de- 
grees Fahr. it will be seen that the new steel is not as fool-proof as 
the older analysis. On the other hand, 2100 degrees Fahr. is a rea- 
sonable temperature to conduct any sort of hot working operation, 
and no instance has yet developed where the product treated with 
zirconium sulphide could not be satisfactorily hot worked into the 
form desired. It is readily rolled into bars, drop forged or rolled 
into plates and sheets. 


RESPONSE TO Heat TREATMENT 

















The presence of zirconium sulphide in high-chromium, corro- 
sion-resisting steels seems to increase the critical cooling speed. 
It is well known that stainless iron of the type being considered 
hardens almost as readily in air as it does in oil. The modified 
type, containing zirconium sulphide, does not air harden quite so 
readily and air cooling usually gives Brinell hardness values 50 to 
100 points lower than oil quenching. 

Stainless iron containing zirconium sulphide will harden in 
oil but does not become quite as hard as the same analysis with- 
out the zirconium sulphide. 

It has also been observed that zirconium sulphide raises the 
temperature necessary for hardening stainless iron. Whereas the 
base analysis will harden very satisfactorily at 1700 degrees Fablr., 
with the addition of 0.40 per cent zirconium sulphide, it becomes 
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necessary to raise the hardening temperature to about 1825 de- 
grees Fahr. 

On tempering stainless iron, the martensite break-down tem- 
perature is about 950 degrees Fahr. Zirconium sulphide does not 
alter this figure. 


TENSILE PROPERTIES 


Typical tensile properties of stainless iron, both with and 
without zirconium sulphide, are shown in Table I. 








Table I 
Tensile Properties of Stainless Iron 
Steel 2 
Steel 1 Stainless Iron plus 
Stainless Iron Zirconium Sulphide 
Hardened and Tempered at 700 Degrees Fahr. 


Yield Point 125,800 lbs. per sq. in. 128,000 lbs. per sq. in. 
Tensile Strength 155,200 lbs. per sq. in. 163,500 lbs. per sq. in. 
Elongation in 2” 17.2 per cent 13.7 per cent 
Reduction of Area 55.2 per cent 35.3 per cent 
Brinell Hardness 341 348 

Izod Impact 36 foot pounds 32 foot pounds 


Hardened and Tempered at 1100 Degrees Fahr. 


Yield Point 99,500 lbs. per sq. in. 94,000 lbs. per sq. in. 
Tensile Strength 116,000 lbs. per sq. in. 113,000 lbs. per sq. in. 
Elongation in 2” 22.1 per cent 17.7 per cent 
Reduction of Area 71.7 per cent 52.4 per cent 
Brinell Hardness....... 228 241 

Izod Impact 82 foot pounds 42 foot pounds 


Tempered at 1425 Degrees Fahr. 


Yield Point 68,000 lbs. per sq. in. 65,000 Ibs. per sq. in. 
Tensile Strength 88,000 Ibs. per sq. in. 87,600 lbs. per sq. in. 
Elongation in 2” 30.8 per cent 25.5 per cent 
Reduction of Area 73.2 per cent 59.3 per cent 
Brinell Hardness 170 170 

Izod Impact 96 foot pounds 87 foot pounds 





It will be noted that zirconium sulphide reduces the elonga- 
tion, reduction of area and the impact resistance. There is, how- 
ever, no indication of brittleness in the new steel at any stage of the 
heat treatment, and the product treated with zirconium sulphide 
proves entirely trustworthy for any services within the capacity 
of its tensile properties. 
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GRAIN GROWTH AT ELEVATED TEMPERATURES 


It is well known that stainless iron containing 12.00 to 14.00 


‘ : ‘ : : cial 
per cent chromium is not subject to excessive grain growth when 
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held for a long time at incandescent temperatures. Zirconium 
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sulphide does not in any way alter this property. Fig. 4 illus- ™ 
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Fig. 4—Photograph of Grain Growth Test Specimens. 1A e" to 
Stainless Iron Showing Bar Structure Before Test. 1B Stainless a 0.1 
Iron After 8 Hours at 1825 Degrees Fahr. 2A Stainless Iron with Ps ° 
Zirconium Sulphide Showing Bar Structure Before Test. 2B Stain- 4 127 
less Iron with Zirconium Sulphide After 8 Hours at 1825 Degrees a a! 
Fahr. e 
‘i cou 
. . . . e Fe 
been excessive grain growth, in fact there is not as much change si 
as we should expect in a simple carbon steel after this same treat- Spi 
ment. All four fractures in Fig. 4 show the structure as quenched. Die 
: . Fj 
Both steels were too tough to break with a clean fracture in the ry 
slowly cooled condition. Structure before the test was secured by Cut 
. ; ° Bre 
quenching in oil from 1800 degrees Fahr. structure after the test Sto 


was obtained by quenching directly from the eight-hour heat at 
1825 degrees Fahr. 
MACHINABILITY 


The presence of 0.40 per cent zirconium sulphide renders 
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stainless iron just about as freely machinable as common screw 
stock. This conclusion has been confirmed in dozens of commer- 
cial shops which are regularly working ordinary screw stock. 

Due to the fact that the chips do not adhere to the tools, the 
new steel ean be drilled, tapped, threaded, broached, reamed and 
otherwise machined with exactly the same tooling as used for reg- 
ular shop work. 

When machined in the heat treated condition, zirconium sul- 
phide effects the same proportionate improvement all along the 


Fig. 5—Illustrations of Production Machining on Stainless Iron Containing 
Zirconium Sulphide. Details of Machining are Given Below. 


line. That is, compared with regular stainless iron, the new steel 
shows about the same advantage in machinability regardless of the 
Brinell hardness range being tested. 

Fig. 5 illustrates two typical jobs made from stainless iron con- 
taining zirconium sulphide. Both of these were machined in 
strictly screw stock setups. The cap screw is of particular inter- 
est because the stock was not soft annealed but was hard drawn 
to about 235 Brinell. These cap screws having a root area of 
0.105 square inches pulled 13,300 pounds average breaking load or 
127,000 pounds per square inch. It is almost unbelievable that they 
could be machined in thirty seconds each. 


Screw Machine Part ye-inch Cap Screw 

Spindle Speed 438 RPM %-inch Grindley Automatic 

Die Speed 164 RPM Spindle Speed 500 RPM 
First Box—Feed .007 -inch Box Feed .0095-inch 
Second Box—Feed .005 -inch Time Each 30 seconds 
Cut-off and Stock—%-inch Cold Drawn Hex. 
Breakdown—Feed .0016-ineh Brinell of Stock 235 
Stock l-inch Round Annealed 


GRINDING AND POLISHING 


Stainless iron has never been a particularly attractive metal 
to grind and polish. Gratifying improvement has been effected 
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__ Fig. 6—Photograph of Grinding Chips. A Stainless Iron. B Stainless Iron 
with Zirconium Sulphide. x 2%. 


by careful attention to abrasives and grinding conditions, but 
there is still much room for improvement. The principal diffi. 
culty seems to be due to the steel loading up the wheel and thus 


interfering with the grits taking hold of the work. 

The addition of zirconium sulphide to stainless iron minimizes 
loading of the wheel and tends to keep the job cool. The steel there. 
fore grinds more rapidly and takes a better finish. 

Fig. 6 shows, magnified, the grinding chips from stainless iron 
and also stainless iron containing zirconium sulphide. Note the 
large chunks of metal in the stainless iron which have been torn 
from the work or accumulated by the wheel. The uniform clean- 
out chips on the other sample almost suggest fine turnings. These 
chips were produced on a reciprocating surface grinder using a 
36-grain wheel with a peripheral speed of 4200 feet per minute. 


ANTI-FRICTIONAL PROPERTIES 


Several attempts were made to design an accurate and satis- 
factory test for measuring relative frictional properties. Thus far 
the attempts have not been successful. It became evident that 
quantitative results would only be accurate when the samples were 
prepared with absolutely duplicate surfaces. Since two steels of 
different frictional tendencies will not take the same finish with 





ns, but 
al diff- 
nd thus 


inimizes 
al there- 


ess iron 
Note the 
en torn 
n clean- 
These 
using a 
‘inute. 


nd satis- 
Thus far 
ent that 
les were 
steels of 
ish with 


CORROSION-RESISTING STEEL 


Fig. 7—-Unetched Photomicrograph of Stainless Iron with Zirconium Sulphide. x 200. 


the same abrasives, the difficulties of duplication can be appreci- 
ated. Further work is being done along this line but, in the mean- 


time, some qualitative comparisons taken from commercial appli- 
cation will be of interest. 


It has been found that wire made from stainless iron contain- 
ing zirconium sulphide can be satisfactorily cold drawn without 
the use of a copper coat. The pressures and temperatures in wire 
drawing, particularly by the dry process, are quite high and for 
this reason, the better drawing qualities of the new steel appear to 
be quite significant. 7 

Machining and grinding have already been mentioned. The 
superiority of the zirconium treated product appears to hinge 
largely on the ability of the chips to clear themselves and get out 
of the way. 

Face rings on high-temperature, high-pressure gate valves have 
shown a slight but definite advantage in favor of zirconium treated 
material. 

Piston rods have been found to wear glossy in packings where 
stainless iron has a tendency to roughen and scratch. 
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It is really hard to draw definite conclusions regarding a sub. 
ject which presents so many variables, but all of the above straws 
tend to show the direction of the wind. It is hoped that at some 
later time some quantitative data will be available on the subjec; 
of galling. 


MICROSTRUCTURE 


Zirconium sulphide occurs in stainless iron in the form o{ 
minute particles uniformly distributed throughout the steel. Fis. 
7 shows a typical section at 200 diameters. These microscopic par 
ticles seem to serve as a sort of lubricant. 


CONCLUSIONS 


It is found that 0.40 per cent zirconium sulphide added to a 
high chromium stainless iron greatly improves the machining and 
grinding properties, and serves to reduce the tendency toward gall- 
ing, scratching and seizing. This is accomplished at a slight loss 
of toughness and tensile properties, but yields a metal which is 
eminently suited for many corrosion resisting parts. Zirconium 
sulphide tends to prevent air hardening in the low carbon grades 
of stainless iron and raises the temperature necessary for harden- 
ing. 


DISCUSSION 


©. L. Prear: There are just two questions I would like to ask the author 
of this paper. First, I would like to ask if he has done any work on the cor- 
rosion resistance properties of this metal containing zirconium sulphide in 
contact with a regular corrosion resisting steel. I ask this because where two 
steels, either of which is comparatively corrosion resistant, are used in contact 
in certain acids, one will become corroded in a very short time due to electro 
lytic action. We find this occurring often between steels of two different com 
positions, or even the same steels with different heat treatments. 

The second question is whether any work has been done on cold drawing 
the material which has been rolled into sheets. 

CHAIRMAN R. M. Birp: Mr. Palmer, do you want to wait until you have 
collected all the questions or would you prefer to answer those now? 

F. R. PaLMer: It will be just as well to answer them as they come up. 

I suppose the first question refers to galvanic action. I have not investi 
gated any possible galvanic action between the new steel and the old, but since 
zirconium sulphide is a nonconductor, I imagine it has no effect, however | 
have never tested it. 

The steel can be cold drawn very readily. That is one of the interesting 
examples of its anti-friction qualities. The older type must be copy er-coated 
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before it ean be cold drawn, because if the wire ever touches the die, it will 
adhere and eventually accumulate in the die until the wire breaks. This type 
is much less likely to pick up in the die and has been successfully cold drawn 
in fine sizes of wire and intermediate sizes without any copper coating,—just 
an ordinary lime coating such as is used with common steel. In sheets there is 
not much demand for it; it is not a steel that is primarily adapted for making 
sheets. It has nothing to offer over the base type excepting machinability 
and grinding properties, and while we might be interested in the grinding of 
sheets, we do not often machine them, and the older type, on account of its 
toughness and greater ductility and the ability to deep draw it, is in general, 
a better material to go into sheets. 

A. H. d’ARcAMBAL: (Mr. Chairman, I would like to ask Mr. Palmer if 
he has tried adding zirconium sulphide to other high chromium materials, such 
as stainless steel and materials of that type. Why would not this addition im- 
prove the machinability?. Manufacturers of tools are experiencing difficulty 
daily in attempting to furnish tools that will thread, ream and mill stainless 
steel, and if you could add zirconium sulphide to some of the other high 
chromium alloys, it certainly would be very beneficial. 


. R. PALMER: That work is already under way, but it is another story 
for another day. It does affect equally the machinability of all the chromium 
ranges which we have investigated, from 8 per cent chromium up to 25 per cent. 
There are still a lot of corners that remain to be explored but, in general, it 
seems to have the same effect all along the line. 

P. A. E. ARMSTRONG: Zirconium sulphide contains about 15 per cent of 


metallic zirconium, therefore one half of 1 per cent addition of zirconium sul- 
phide is largely increasing the sulphur content. I would like to ask the author 
whether zirconium sulphide is a brittle material like iron sulphide at rolling 
temperatures or whether it is a soft sulphide like manganese sulphide. The 
author states that sulphur-treated stainless steel does not roll at temperatures 
above 2100 degrees Fahr. As zirconium sulphide probably begins to melt at 
2100 degrees Fahr. the reason why the steel does not roll is apparent. The 
photomicrographs of the high chromium steel with the zirconium sulphide 
content shows a large number of small particles very similar to those seen in a 
dirty steel. Higher magnification would probably show whether or not these 
particles occurred at the grain boundaries or whether they were just generally 
dispersed throughout the metal without any relation to its crystalline struc- 
ture. I should expect to find these sulphide particles occurring at the grain 
boundaries because they must act in the molten metal as nuclei for crystallizing. 
Zirconium belongs to a group of metals which have been used extensively in 
stainless steel and high chromium irons and steels. I am wondering whether 
a combination of these and other elements with or without sulphur would not 
accomplish the same result, easy machinability, and whether or not these ad- 
ditional elements which all form sulphide would not dissolve with the iron or 
dissolve the sulphide in the iron in a better way than appears from the photo- 
micrographs. It so happens that easy machinability of high chromium irons 
and steels can be obtained by the addition of metallic elements and no use made 
of the metalloid sulphur. This being the case how much of the advantage of 











890 TRANSACTIONS OF THE A.8.8.T. Decen 


Der 
zirconium sulphide is to be directly attributed to the zirconium rather than |}, 

sulphur. Breaking up of the chip and perhaps preventing the tip forming oy 
the machine tool can be attributed to the sulphur. Perhaps the zirconium ¢ 0) 

tent itself is preventing the strong adhesion of the chip on the tool point 

the sulphur merely breaks up the chip. 

Dr. R. W. Woopwarp: I have a few questions that I would like to ask 
Mr. Palmer. In regard to the microstructure of the steel at higher magnifica 
tions, I would like to inquire if there were any cubical inclusions discovere(, 
The reason I ask that is, several years ago in working on the effect of zirconium 
as a metallic alloy in steel, there were encountered at times cubical inclusions, 
which, at that time, were attributed to zirconium oxide. I would like to in 
quire if that same feature is observed when zirconium is added as a sulphide. 

Mr. Palmer also stated that zirconium sulphide apparently raises th 
necessary hardening temperature. 1] am wondering if he has found that it also 
raised the Ac, point to account for the necessary increase in temperature. 

In relation to chemical analysis of the steel, I would be interested in 
learning whether the evolution method of sulphur determination includes th, 
sulphur present as zirconium sulphide. 

Fr. R. PatmMer: We do see the cubical crystals but I believe they ar 
zirconium nitride. 

I have not made a critical point curve on the material, so I do not know 
whether the Ac point has been raised or not. 

In the evolution method, part of the sulphur is evolved and part is not. 
The rest must be determined gravimetrically. The percentage evolved varies, 
it is not always the same. 

C, E. MEISSNER: I would like to ask how the addition was made. 

Ff. R. PALMER: I am sorry that I am not in position to answer the 
question, if you will excuse me. 

T. H. Netson: Mr. Palmer, I think you should be congratulated on the 
work you have done, because of all the fields that present difficulty in 
chromium iron, possibly machining, particularly threaded parts, has been the 
most difficult. It brings to my mind the fact that zirconium has been used 
for some little time past in conjunction with some of the nickel-chromium al 
loys and is actually in service with the government in the way of periscope 
tubes. Zirconium in that condition made machining possible on material on 
which it was otherwise almost impossible. 

What [ am wondering is whether this zirconium sulphide is scattered 
throughout the mass, which is very well brought out by Mr. Palmer, and it is 
very gratifying along metallurgical lines to see that this evidence is so in order. 
For instance, his ductility depreciates when his machinability improves, which 
is quite logical, inasmuch as there is something breaking up the continuity ot 
the material metallographically. Therefore, we have made through Mr. 
Palmer’s discovery a distinct advance in the art of producing machine parts of 
chromium iron. 

Recently I have come across, as a consultant, material which exhibited pin 
point corrosion, and in that direction I am wondering whether this scattered 
zirconium sulphide throughout the matrix may not, even microscopically, de 
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velop some slight electrolytic action, and whether we have not, in conjunction 
with Mr. Armstrong’s views, other alloys which may give us an opportunity 
of attaining the same result as our knowledge of this subject progresses. For 
instance, experiments | have made with tantalum behave somewhat similarly 
in breaking ap the crystalline structure and giving a more free cutting steel. 

W. E. Grirrirus: I wish to congratulate Mr. Palmer on this very ex- 
cellent paper and suggest that he answered Mr. Armstrong’s question with 
respect to the fusion point of the zirconium sulphide when he stated that it 
did not form in the grain boundaries. It is usually found within the grain. 

Dr. W. H. Harrietp: Mr. Chairman and gentlemen:—I should like to 
take this opportunity of saying how much I enjoyed listening to the papers 
and the discussions, and may I say I have been pleased to see you are taking 
such a great interest on this side in the heat-resisting and the rust and acid- 
resisting steels. 

I do not think [ can make any substantial contribution to the discussion 
this morning, but there are perhaps one or two observations | might make. | 
should first of all like to congratulate Mr. Palmer on his command of the sub- 
ject and the excellent way in which he gave his paper. Of course, the subject 
of his paper is peculiar to the American industrial world. You go very fast 
in everything over here, I understand, and, really, this problem which he has 
set out to deal with has not been found necessary of handling on our side of 
the Atlantic. 

Now, to come to the detailed considerations, Mr. Palmer speaks of the 
stainless iron sticking to the tool and sticking to the grinding wheel and gener- 
ally impeding the machining operations. Well, the experience on our side is 
this, that some people say such material is difficult to machine while others 
have no difficulty. Now, as Mr. Palmer has already indicated, the geometry of 
the tool and the selection of suitable feeds and speeds are obviously determining 
factors in the ease with which a steel can be machined, and I would submit to 
you gentlemen that even without the zirconium, when you know how to do it, 
when you know how to machine it, stainless iron, in its properly treated condi- 
tion, is not particularly difficult to handle. However, no doubt you have that 
problem on this side and it is very gratifying to find in your range of high 
velocities that Mr. Palmer has given you a solution that you are so much re- 
quiring. 

I should be just a little bit more satisfied with the information that has 
been given if the comparative machining tests had been put forward of the 
steel not containing zirconium in the same condition as regards hardness and 
ductility. That is, of course, a feasible test to make. 

I was going to ask that question about how the author added this zir- 
conium sulphide. One can visualize how it should be done, but I am rather 
surprised at a gentleman coming before a scientific society in any country and 
giving part of his story without giving one of the most interesting parts of 
it. (Laughter) I think he really ought to be just a little bit ashamed of 
himself, (Laughter) At any rate, he should so have put the matter forward 
and so handled the matter in a diplomatic way that he avoided being asked the 
question and being found out. However, I personally should like to second that 
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admirable short speech by the gentleman who did ask how this zirconium 5! 
phide was handled. 

I do not think I have anything more to say. I really have listened with 
very great interest to the various papers. I was interested in Dr. Saklatwalla’s 
paper on the attempt to produce steels of an intermediate type -between the 
rust and acid-resisting steels and the ordinary steels, and I hope when I stud; 
in more detail the data that those authors have put forward, I shall find that 
there is an indication in the data to show that there is a possibility of greatly 
enhancing the corrosion-resisting characteristics of steels without going to the 
great expense which at present we find absolutely necessary, of putting a lot 
of chromium in, and, for particular resistance, nickel in addition to the 
chromium. 

Now, may I take this opportunity of making a plea on behalf of, well, | 
might say the metallurgical world as a whole, and that is this. Im Europe and 
in America we are all equally interested in these special steels. Now, the funda 
mental tests that we have to:put them to are the corrosion tests, and I think 
it is eminently desirable that we should learn to do our experiments on a com 
mon basis and return the results in common values. By common values I mean 
that our conditions of corrosion tests might well be, as far as possible, 
standardized and our returns given in similar terms. In England we are en 
deavoring to arrive at some such basis of that kind, and while I am over here | 
hope to have the pleasure of meeting many of you gentlemen interested in 
corrosion. We on our side value and appreciate the excellent work that is 
being done over here, as I believe you do the work that is being done in 
Europe. We are working along parallel lines, and if a common basis can be 
given to the form in which our results are given, it will be of a great advantage 
to all of us. 

JEROME Strauss: I would just like to ask Mr. Palmer three questions. 
First, whether he has observed any lowering of the lower end of the solidifica 
tion range due to the addition of the zirconium? Second, whether there is any 
appreciable solubility of the sulphide in the steel in any temperature range? 
And third, whether there appears to be, microscopically, any association of the 
sulphide with the carbide? 

F. R. PauMer: I have made no observations on the location of the solidi 
fication when cooling. 

I have seen nothing which leads me to believe that the sulphide is soluble 
in the matrix. Although it is a pretty hard thing to determine. 

I do not think that the sulphide is associated in any way with the car 
bides. Strangely enough, the steel appears under the microscope as though it 
were largely delta iron, but judging from its physical properties, it evidently 
is not. 

There is one question which Mr. Nelson asked that I wanted to answer 
and it slipped my mind when I had the opportunity, and it is extremely im- 
portant. He brought up the question of isolated spots of corrosion appearing 
on samples that are tested. Those spots can come from a lot of things, but | 
want to tell you of one place they may come from where you do not look for 
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PRINCIPLES OF THE HEAT TREATMENT OF STEEL 
Part III 


An Outline Prepared by the Metallurgical Staff of the Bureau of 
Standards' 


(Continued from November issue of TRANSACTIONS) 









CHAPTER VI 
CASE HARDENING 


CEE ah Le 


The Cementation Process 


HR SS St ero He 


O far the principles and processes of heat treatment have been 
~ described in respect to steel which has the same carbon con- 
tent throughout its mass. An important class of steel which 1s heat 
treated is case hardened or case carburized steel, in which the in- 
terior is of very low carbon content for toughness, and the exterior 
is of very high carbon content for hardness and ability to resist 
abrasion. The process is also called ‘‘cementation.’’ The low 
carbon steel, usually 0.05 to 0.20 per cent carbon, is machined 
almost to the size of the finished piece desired, embedded in some 
form of carbon (generally charcoal or other charred carbonaceous 
matter) mixed with an ‘‘energizer’’ such as barium carbonate 
which will give off a carbon-containing gas (carbon dioxide), and 
heated. The carbon dioxide and the solid carbon react, at high 
temperatures, to form carbon monoxide, another carbon-contain- 
ing gas which can give up its carbon to the steel, freeing oxygen 
which in turn combines with the solid carbon to form more carbon 
monoxide. The carbon monoxide gas thus serves as a carrier to 
convey carbon from the solid carbon into the steel. It is possible 
to earburize in suitable gases, and various methods for gas carburi- 
zation are in use. The heat treatment of steels carburized by such 
processes does not differ essentially from that of steels carburized 
with solid carburizing ‘‘cements’’ (pack hardening). 

Portions not to be carburized are electroplated with copper or 
coated with fireclay to prevent access of the gas to those parts. 
The parts to be carburized are packed in pots together with the 
carburizing compound, the pots sealed to prevent access of air and 
the whole slowly heated to the desired temperature and held there 
long enough for a ‘‘case’’ or high-carbon outer layer of the desired 


‘Published with the approval of the Director of the National Bureau of Standards—not 
subject to copyright. 












BR Nr pina ake Ca ae see alae ae Na PE 


saccnphien 

























894 TRANSACTIONS OF THE A, S. S. rr, De 


mber 


thickness to be formed. The temperature and time will depend oy 
the nature of the steel and of the carburizing mixture used. Bot) 
have to be carefully chosen to get rapid carburization and to secure 
a case that grades gradually into the core so the line of demarcation 
will not be so abrupt that the case will tend to ‘‘shell off.’’ Plain 
carbon steels are much used, but various alloying elements such as 
manganese, nickel, chromium, vanadium and molybdenum are 
often used in order to secure a core of the desired properties or to 
increase the rapidity or the depth of carburizing. 

Carburizing of plain carbon steel is carried out at a tempera. 
ture of about 1650 to 1700 or 1725 degrees Fahr. Whatever the 
steel, carburizing is generally done at temperatures at which the 
steel is austenitic, and great care is taken to avoid overheating s0 
as to avoid excessive grain growth of austenite, just as in ordinary 
heat treatment. It is especially necessary to avoid overheating in 
carburizing because of the long time required in the process, 5 to 
20 hours of heating often being required. Furnaces capable of 
very good temperature control are therefore necessary to avoid 
danger of overheating in some stage of the process, and careful 
pyrometric control is called for. Since some grain growth of the 
core can scarcely be avoided with such long heating times, further 
heat treatment is necessary to refine the grain of the core and avoid 
brittleness. 


Heat Treatment of Carburized Steel 


While the core is a very low carbon steel, the case is_ general- 
ly mostly of about eutectoid composition, with its exterior going 
up to perhaps 1 to 1.25 per cent carbon. The range of structure is 
shown in Fig. 18. By reference to Figs. 10 and 11, it will be seen 
that the proper normalizing and quenching temperature for the core 
would be about the same as the carburizing temperature 1600 to 
1725 degrees Fahr. depending on the carbon and alloy content, 
say 1600 to 1650 degrees Fahr. while that for the case would be 
1400 to 1450 degrees Fahr. If we are not particularly concerned 
with the structure of the case, we may then merely quench from 
the carburizing temperature. Since the carburizing temperature is 
even above the Ac,,, of a hypereutectoid case, this quenching from 
a high temperature tends to distribute the free cementite, (being 
analogous to a normalizing treatment for high carbon steel). 
Quenching is frequently followed by a low temperature tempering 
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PRINCIPLES OF HEAT TREATMENT 


Fig. 18 — Section Through Carburized Layer. 
x 100. The Upper Portion of the Figure Shows 
the High Carbon Case, the Structure of which is 
Pearlite and Cementite; the Lower Portion Shows 
the Low-Carbon Core, the Structure of which is 
Ferrite and Pearlite. Etchant 5 Per Oent Picric 
Acid in Alcohol. 
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(250 to 500 degrees Fahr.) for relief of quenching stresses. This 
disregards the case and will leave it in its initial condition. 4 
better treatment is to quench twice, first from a high tempera. 
ture, to refine the core, then reheat to 1400 to 1450 degrees Fahr 
and again quench to refine the case. Since the reheating temper. 
ature is below that for formation of austenite of the core, the second 
quench itself does not affect the grain size of the core, but merely 
gives the core a high temperature tempering after its first quench, 
The usual stress-release tempering should follow the second quench, 

If the properties of an annealed core are desired, the piece 
may be cooled in the box, and then reheated to 1400 to 1450 degrees 
Fahr. and quenched for case refinement, then given a low tempera 
ture tempering for stress release. This treatment tends to avoid 
distortion because of the minimum number of quenchings and the 
low quenching temperature. Cooling in the box also minimizes 
oxidation of the surface. 

Where distortion is unimportant, the maximum strength and 
toughness are desired in the core, the piece may first be quenched 
from the box, then reheated to a lower temperature, 1600 to 1650 
degrees Fahr., so as not to exceed the proper temperature for 
maximum grain refinement of the core, again quenched (finish- 
ing the operations aimed at the core), then reheated to 1400 to 1450 
degrees Fahr., quenched for refinement of the case, and, as usual, 
tempered for stress release. Or, the piece may be cooled in the box, 
to anneal the core, reheated to 1600 to 1650 degrees Fahr. and 
quenched for core refinement (usually in oil to avoid cracking the 
ease), and, as usual, reheated to 1400 to 1450 degrees Fahr., and 
quenched for case refinement, followed by the stress-release temper- 
ing. The quenching of case hardened carbon steels may be carried 
out either in oil or water, usually the latter, and if the steel is 
‘‘abnormal’’ and prone to give a case with some soft or troostitic 
spots on quenching, the use of brine may be necessary to give a 
sufficiently rapid rate of cooling. To avoid distortion and warp- 
ing during the carburizing process itself, it may be necessary to 
normalize the piece before it is packed in the carburizing box. The 
heat treatment of carburized steel is then simply a heat treatment 
of a duplex low carbon and high carbon steel in which the treat- 
ment of the low carbon part precedes the treatment of the high 
earbon part. 
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PRINCIPLES OF HEAT TREATMENT 
Cyanide and Nitrogen Hardening 


A hard, wear resisting surface may also be obtained by im- 
mersing the low-carbon steel in molten cyanide (whose poisonous- 
ness should never be forgotten). The steel takes up a case, which 
eontains both earbon and nitrogen, from the cyanide. The case is 
thin and the period of heating short, 10 to 15 minutes at 1550 to 1600 
degrees Fahr., and the specimens are quenched from the cyanide 
bath, usually into limewater so that the lime may neutralize the 
eyanide left on the steel. Reheating for heat treatment of the case 
is seldom done, as much of the nitrogen, which helps to harden the 
ease, would be lost on heating. Cyanide cases are rather brittle and 
tend to flake. If a small spot on the surface is to be hardened, 
powdered cyanide is sometimes sprinkled on the spot, and the steel 
is heated to 1550 to 1600 degrees Fahr. and then quenched in 
water. A non-poisonous compound, calcium cyanamid, dissolved in 
a molten salt bath is sometimes used for case hardening. 

Other methods of surface hardening are being used to some 
extent in order to avoid distortion from quenching. In these, 
special steels, often containing chromium and aluminum and some- 
times nickel and molybdenum as well, are heated to about 900 
degrees Fahr. for a long time in ammonia gas, which forms a thin 
but very hard and rather brittle nitride case. The core may previ- 
ously be given any desired heat treatment compatible with the 
heating involved in the nitrogen hardening process. Chromium 
plating is also practiced as a substitute for case hardening. 


CHAPTER VII 
ALLOY STEELS 


Differences Between Carbon and Alloy Steels 


The principles of the heat treatment of the various alloy steels 
are identical with those already discussed for carbon steels and 
may be directly applied, if all the critical points for the alloy steel 
to be treated are known. 

The introduction of alloying elements changes the eutectoid 
ratio, the eutectoid of an alloy steel usually being at a lower carbon 
content than that of a plain carbon steel. With 15 per cent chro- 
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mium, for instance, the eutectoid is at about 0.30 per cent carbo 
instead of at about 0.90 per cent. The alloying elements change the 
eritical points on heating; for example, nickel lowers them, silicoy 
raises them. Hence, the temperature to which the steel must be 
heated before quenching, i.e., to become fully austenitic, is charac. 
teristic of that particular carbon and alloy composition. 

Some of the alloying elements, especially vanadium, decrease 
the grain growth of austenite and the rate of carbon diffusion jy 
austenite and may not only allow but require higher temperatures 
for quenching than with carbon steels. With nickel, on the other 
hand, the temperature is notably lowered. When two or more al- 
loying elements are present, the resulting properties of the stee| 
are a balance among those conferred by the different elements. 























Quenching Rates 





One of the outstanding effects of most alloying elements is to 
make austenite sluggish, i. e., to make it require a less rapid rate 
of cooling in quenching to harden to martensite. Hence, alloy steels 
ean be had that will harden to the center in air, oil or water, in 
sizes where a carbon steel would only harden on the surface or 
not at all, in the same medium. Manganese, nickel, chromium and 
molybdenum are especially active in lowering the critical cooling 
rate for hardening. | 

The temperatures (Ar’ and Ar”) at which troostite and 
martensite form on quenching are also changed by the different 
alloying elements. On account of this effect upon the rate of cool- 
ing necessary to harden, there is, with most alloying elements, a 
range of relatively low carbon and alloy contents in which air cool- 
ing or normalizing produces a pearlitic steel, just as it would in 
carbon steels. At higher carbon and alloy contents there is a 
range of compositions in which the steels are air hardening, i.e., 
become martensitic on air cooling. At still higher carbon and 
alloy contents the steel may remain austenitic down to room tem- 
perature and thus not be amenable to heat treatment. An example 
of this is the austenitic manganese steel of 12 per cent manganése 
and 1 per cent carbon. Another is the class of nickel-chromium 
steels which may contain about 18 per cent chromium and 8 to 25 
per cent nickel. 


According to many observations, in quenching some alloy 
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steels more austenite is obtained by oil quenching, than by drastic 
water quenching, provided the other quenching conditions remain 
the same. 

In the light of our knowledge of the large internal stress set up 
in steel by the quenching process it appears conceivable that within 
some regions of a piece of quenched steel these stresses may exceed 
the elastic limit of any austenite existing at the time, thus produc- 
ing deformation of the tiny patches of austenite. The severity of the 
water quench would probably cause the stress to exceed the elastic 
limit throughout a much greater extent of the specimen than the oil 
quench. Inasmuch as a deformed austenite (as observations show) 
is rendered less stable on cooling or on heating it may be expected 
that more austenite is transformed into martensite in water quench- 
ed alloy steels than is the case in oil quenched steels. 


Tempering Temperatures 


Not only do the alloying elements alter the critical points and 
the hardening power of steel, but they affect the rate of temper- 
ing after hardening. Molybdenum steels, in particular, require 


much higher tempering temperatures to soften the hardened steel, 
i. e., to break martensite down into troostite and troostite into sor- 
bite, than are required for carbon steels. The alloying elements may 
also have an effect by altering the nature of cementite. Instead of the 
cementite consisting only of iron carbide with a little manganese 
carbide as in ordinary carbon steels, the cementite of alloy steels 
may contain also the carbides of chromium, vanadium, tungsten and 
molybdenum. These carbides are made use of in many types of al- 
loy tool steels where they form tiny ‘‘teeth’’ in cutting tools, and 
the properties of the tools depend on the hardness and brittleness, 
ete., of the ‘‘teeth.’’ Other alloying elements like nickel do not 
form carbides, but go into solution with the ferrite, toughening it. 

The heat treatment of an alloy steel, in spite of these various 
different effects due to the different alloying elements, may be 
resolved into fundamental factors exactly similar to those for the 
treatment of the carbon steels, and while it is necessary to consult 
data for each particular type and composition of alloy steel in order 
to decide upon the proper heat treatment for it, the fundamental 
principles are exactly the same. 

Because each alloy steel can, by proper heat treatment, be given 
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a wide range of properties, various steels may, after each has bee, 
given the proper heat treatment, be used for similar purposes gy 
that, by virtue of heat treatment, there exist a number of differen; 
usable steels for any particular purpose, and a choice may be made 
on the score of cost, of suitability to the heat treating equipment 
available, to the particular machining problems involved, and t) 
other factors due to the requirements of the product or the plant 
conditions. 








CHAPTER VIII 


HieH Sprep Toou STEEL 


Composition 


The amount of alloying elements in high speed steel is so 
large that on air cooling small sections from high temperatures the 
steel is partly martensitic and partly austenitic and becomes harder 
on tempering due to the transformation of some of the austenite 
into martensite (secondary hardening). The eutectoid ratio is 
reduced by the large amounts of alloying elements, and hence the 
steels are hypereutectoid and contain free carbides and other hard 
particles in the annealed condition. 

The service to which high speed steel is put requires a material 
which will retain its hardness at the high temperatures generated 
at the cutting edges of the tool by the friction of cutting. The 
composition and treatment of the steel are selected to produce the 
special compounds that have this property of remaining hard at 
red heat. For example, the relatively large amount of tungsten 
present serves to obstruct the transition of austenite to pearlite, to 
hold the steel in the martensitic condition, and to impart additional 
hardness through the formation of the double carbide of tungsten 
and iron. The heat treatment of high speed tool steel, on account 
of the large amount of alloying elements present and the special 
requirements of the product, differs radically from that of other 
types of steels. 

To get the correct distribution of the carbides, tungstides, etc., 
in the heat treated steel, high speed steel has to be heated very much 
hotter before quenching than other type of steels. Proper solution 
and diffusion of these compounds in austenite, without too great 
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srain growth, is very important, and the most important of the 
steps in the heat treatment of high speed steel is the heating for 
quenching, the time and temperature requiring the strictest con- 
trol. To prevent cracking from too rapid heating, the steel has 
to be preheated at a lower temperature in a separate furnace be- 
fore being put in the second furnace for its final high tempera- 
ture heating. 

The essential alloying elements in modern high speed tool steels 
are chromium and tungsten. However, practically all brands pro- 
duced in this country for tools contain also between 0.50 and 2.25 
per cent vanadium. The high speed steels are usually classified ac- 
cording to the tungsten and vanadium contents, and they may be 
crouped under headings as follows: 


Low-tungsten and high-vanadium type. 
2. High-tungsten and low-vanadium type. 
3. Special steels. 


The approximate chemical compositions of groups 1 and 2 are 
as follows: 


Per Cent Low-tungsten and 
high-vanadium 


Carbon 0.60 to 0.75 
Tungsten 11.50 to 14.00 
Chromium 3.25 to 4.25 
Vanadium 1.75 to 2.25 
Manganese 0.35 max. 
Silicon 0.35 max. 
Phosphorus 0.030 max. 
Sulphur 0.030 max. 


High-tungsten and 
low-vanadium 


0.60 to 0.75 
17.00 to 18.50 
3.25 to 4.25 
0.60 to 1.25 
0.35 max. 
0.35 max. 
0.030 max. 
0.030 max. 


Modifications in the chemical composition of either group 1 or 
2 or the addition of certain other elements such as cobalt (which 
is the most important of this group), molybdenum, uranium, etc., 
constitute the third group called the special steels. 


Forging 


High speed tool steels should be forged at high temperatures, 
never at a dark red, else the tools will be prone to crack on treat- 
ing. All forged high speed steel tools should be annealed before 
bardening to relieve forging strains. 
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Annealing 


Before heating for quenching, the steel should be annealed }) 
heating slowly and uniformly to a temperature of 1600 to 1650 de- 
grees Fahr. and holding to insure uniformity of grain. Time at tem- 
perature will vary with the steel and section but should ordinarily 
not be less than 1 hour for 14 inch metal thickness. Cooling should 
be done in the furnace or in some medium which will permit 
uniform slow cooling. 

Annealing is best done in a closed container in the presence 
of a little charcoal to render the atmosphere less oxidizing and 
thus reduce scaling. 












Hardening 


For hardening, the annealed steel is preheated slowly and uni- 
formly to 1450 to 1650 degrees Fahr. to prevent cracking. next 
heated very rapidly to about 2250 to 2400 degrees Fahr., held just 
long enough for the working portions of the tool to attain the desired 
solution of carbides, etc., and then cooled in oil, in air, or in an air 
blast. The hardening temperature and method of cooling will vary 
with the composition of the steel, the type of tool, and the service 
for which the tool is used. 

The life of high speed steel tools when subjected to severe 
conditions of cutting or so-called roughing conditions is affected to 
a marked degree by the “‘high heat’’ temperature used in harden- 
ing. The life rises rapidly with increase in temperature above 
2200 degrees Fahr. However, a point is finally reached where a fur- 
ther increase in hardening temperature is no longer attended by a 
commensurate increase in the life. If too high a temperature is em- 
ployed, a decrease in the life will take place coincident with a par- 
tial melting of the tool. There is a ‘‘critical’’ high temperature 
which results in maximum life, but this varies with the compo- 
sition. It is higher in the high-tungsten and low-vanadium type 
than in the low-tungsten and high-vanadium type, and it is raised 
in both types by the addition of 3 to 5 per cent cobalt. The life 
of high speed steel tools under heavy duty conditions also depends 
upon the time that the tool is at the high temperature in the hard- 
ening operation. Therefore, for consistent results both time and 
temperature should be controlled by suitable instruments. A 
strongly oxidizing furnace atmosphere should be avoided. 
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Tempering 


For tempering, the hardened steel is heated in a furnace or 
molten bath to a temperature of 1000 to 1100 degrees Fahr. for a 
sufficient time to allow the tool to reach a uniform temperature 
throughout. Cooling may be in air or oil. High speed steel tools 
subjected to severe service have a life characteristic of the high- 
temperature treatment used in hardening and the life is not modi- 
fied to any great degree by subsequent tempering up to 1020 to 
1110 degrees Fahr. However, the higher the tempering tempera- 
ture the tougher will the tool become. Thus, one of the most im- 
portant reasons for tempering is not the increase in tool life but a 
decrease in brittleness. As the reaction of the high-speed steels to 
time-temperature changes is sluggish, it is sometimes necessary to 
heat for long periods (5 or more hours for small sections) to real- 
ize the full benefits of tempering. 

In normal shop practice so-called ‘‘flaky’’ high speed steel 
which shows variable brittleness may be produced through the 
hardening of long lengths of lathe or planer tools, followed by dress- 
ing operations in which only part of the previously hardened tool 
is heated to annealing temperatures. Prevention of the formation 
of the flaky structures in high speed steel in heat treatment is 
much more simple than its elimination and may be accomplished 
by annealing between successive hardening treatments. ‘‘Flake,’’ 
once produced, can frequently only be eliminated,. by reforging, 
followed by annealing. 


CHAPTER IX 


Heat TREATMENT OF OTHER ALLOYS 


Many other alloys beside steel may be heat treated. The anneal- 
ing of ecold-worked metals is necessary in the rolling, drawing or 
other working of the nonferrous metals and alloys. Some of the 
alloys, notably the aluminum alloys of the duralumin type, lead- 
antimony alloys, and copper-silicon alloys may be hardened by 
quenching and tempering (or aging) in a manner quite similar to 
the hardening of steel. The ability of these alloys to be heat treated 
depends on the ability of some constituent to be taken into solid 
solution on heating, retained in solid solution by quenching and 
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then precipitated in controlled fashion, by reheating, or spontan- 
eously upon aging. 


SouRCcES OF FurTHER INFORMATION—BOOKS 


Heat Treating Furnaces 





Because the success of heat treating operations depends so much on 
correct heating conditions the correct design and operation of furnaces play 
an important part in heat treatment. Continuous, automatic, furnaces with 
the heating cycle automatically controlled not only as to temperature but as 
to time are finding much use. References to literature dealing with furnaces 
and their control will be found in the periodical bibliography, page 912. 

The standard book on the subject is— 































1. Industrial Furnaces, Trinks, W., Vol. I, p. 308 (1923), and Vol. II, 
p. 389 (1925), Vol. I, $5.50, Vol. II, $4.50; American Society for 
Steel Treating, Cleveland. 

(See also references (67, 43). 


Pyrometers 





The proper choice, maintenance and use of pyrometers is likewise essen- 

tial in heat treatment. These matters are discussed in many of the books on 

metallography (page 909), in references given in the periodical bibliography 

(p. 923), and in the following books: 

2. Pyrometry—Wood, W. P., and Cook, J. M., 1927, 207 pp., American 
Society for Steel Treating, Cleveland, $3.00. 


3. Pyrometry—Fairchild, C. O., Chapter in volume I, Handbook on 
Nonferrous Metallurgy, Liddell, D. M., 1926, volumes 1 and 2, 
American Society for Steel Treating, Cleveland, $12.00. 

4. Pyrometrie Practice, Foote, P. D., Fairchild, C. O., and Harrison, 
T. R., Bureau of Standards Technologic Paper No. 170. 1921, 


326 pp. Superintendent of Documents, Washington, D. C., 60 cents, 
stamps not accepted. 


5. Measurement of High Temperatures—Burgess, G. K., LeChatelier, 
H., 1912, 3d Ed., 510 pp., American Society for Steel Treating, 
$4.00. 

6. Practical Pyrometry, Ferry E. S8., Shook, G. A., and Collins, J. R., 

1917, 147 pp., American Society for Steel Treating, Cleveland, 

$1.50. 

Symposium on Pyrometers and Pyrometry, Transactions, Faraday 

Society (London), Vol. 13, Pt. 3, May, 1918, 170 pp. 

8. Pyrometry Symposium—American Institute of Mining Engineers, 
29 West 39th St., New York, 1920, 701 pp. 

9. American Society for Steel Treating Handbook. 

Information will also be found in reference 1. 
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Thermal Analysis 


The determination of the critical ranges in steel is discussed in many 
of the books on pyrometry listed above, and is also generally dealt with in 
books on metallography (p. 909). References to periodical literature will be 
found on page 923. Other references are: 

10. Metallographic Researches, Benedicks, C., 1926, 207 pp., A. 8. 8. T., 
$4.00. 


BUREAU OF STANDARDS PAPERS* 


Scientific 213, Critical Ranges A, and A, of Pure Iron, 1913, 56 pp., 
20 cents. 

Scientific 296, Thermoelectric Measurement of Critical Ranges of 
Pure Iron, 1916, 7 pp., 5 cents. 

Scientific 356, A Simplification of the Inverse-rate Method for 
Thermal Analysis, 1919, 4 pp., 5 cents. 

Scientific 348, Use of a Modified Rosenhain Furnace for Thermal 
Analysis, 1919, 7 pp., 5 cents. 

Technologie 230—A Recording Chronograph for the Inverse Rate 
Method of Thermal Analysis, 1923, 11 pp., 5 cents. 


Mechanical Testing of Heat Treated Steels 


The testing of heat treated steels by mechanical methods, for tensile 
strength, ductility, hardness, torsional strength, endurance limit, etce., is dis- 
cussed in various books mentioned below, as well as in the Transactions of 
such societies as the American Society for Testing Materials, American 
Society of Mechanical Engineers and Society of Automotive Engineers. 


Books 


The Fatigue of Metals, H. F. Moore and J. B. Kommers, 1927, 
326 pp., American Society for Steel Treating, Cleveland, $4.00. 
Manual of the Endurance of Metals Under Repeated Stress, H. F. 
Moore, Engineering Foundation, New York, pub. No. 13, 1927. 
The Fatigue of Metals, H. J. Gough, 1924, pp. 304, American 
Society for Steel Treating, Cleveland, $10.00. 
Text Book of the Materials of Engineering, H. F. Moore, 1920, 2d 
Ed., pp. 315, American Society for Steel Treating, Cleveland, $3.00. 
Johnson’s Materials of Construction—Rewritten by M. O. Withey 
and James Aston, 1919, 840 pp., American Society for Steel Treat- 
ing, Cleveland, $6.00. 
American Society for Testing Materials, A. 8. T. M. Standards, 
- 1927, Part I—Metals. 
Page 804, Standard Methods of Brinell Hardness Testing of 
Metallic Materials. 


—_____ 


*These are available from the Superintendent of Documents, Washington, D. C., at prices 
shown, stamps not accepted. 
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Metallographio Testing 


The use of the microscope both for routine testing and control and for 
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(Serial Designation E-10-27). 
Page 793, Standard Methods of Verification of Testing Machines, 
(Serial Designation E-4-27). 

Proceedings, American Society for Testing Materials, Vol. 27, 1927, 
Part I. 

Page 1067, Tentative Methods of Tension Testing of Metallic 
Materials. 

(Serial Designation E-8-27T). 

Page 1081, Tentative Methods of Compression Testing of Metallic 
Materials. 

(Serial Designation E-9-27T). 

Materials of Construction, Mills, A. P., 1922, 2d Ed. 489 pp. 
American Society for Steel Treating, Cleveland, $4.00. 
Mechanical Testing, R. G. C. Batson and J. H. Hyde, E. P. Dutton 
and Co. (1922-23). 

The Testing of Materials of Construction, W. C. Unwin (1910), 
480 pp., American Society for Steel Treating, Cleveland, $5.00. 
Materials of Construction, G. B. Upton (1916), 327 pp., American 
Society for Steel Treating, Cleveland, $3.00. 

Strength and Structures of Steel and Other Metals, W. E. Dalby, 
American Society for Steel Treating, Cleveland, $7.00. 

Applied Elasticity, S. Timoshenko and J. M. Lessells, 544 pp., 
American Society for Steel Treating, Cleveland, $6.00. 

Society of Automotive Engineers, 29 West 39th Street, New York 
City. 

Society of Automotive Engineers’ Handbook (Revised annually). 
Part VII—Test Specimens, S. A. E., Standards. 

Part ViIII—Hardness Tests, Recommended Practice. 

American Society for Steel Treating Handbook. 






purposes of investigation is discussed in many of the books on heat treat. 
ment as well as in those primarily dealing with metallography. References 
are given in the periodical bibliography (page 923). 


30. 


31, 


$2. 


Metallography and Heat Treatment of Iron and Steel, A. Sauveur, 
3d Ed., 1926, 535 pp. (A standard text book), American Society 
for Steel Treating, Cleveland, $8.00. 

Practical Microscopical Metallography, R. H. Greaves and H. 
Wrighton, 1924, 125 pp., American Society for Steel Treating, 
Cleveland, $5.00. 

Metallography, C. H. Desch, 3d Ed., 1922, 435 pp. (A standard 
text book), American Society for Steel Treating, $5.00. 

An Introduction to the Study and Metallography and Micrography, 
L. Guillet and C. Portevin,—translated by L. Taverner, 1922, 289 
pp., American Society for Stee] Treating, Cleveland, $6.00. 
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Bureau of Standards Circular 113, Structure and Related Prop- 

erties of Metals, 1921, Superintendent of Documents, Washington, 
D. C., 25 cents, stamps not accepted. 

35. Metallography, Vol. I, and Il, 8S. L. Hoyt, 1920 and 1921, 256 

and 462 pp. (Exceptionally clear and good—a standard text book), 

American Society for Steel Treating, Cleveland, Vol. I, $3.00; 

* Vol. ITI, $5.00. 

' 36. Metallography of Steel and Cast Iron, H. M. Howe, 1916, 641 pp. 
(A standard reference book), American Society for Steel Treating, 
Cleveland, $10.00. 

37. Introduction to Physical Metallurgy, W. Rosenhain, 1915, 335 pp., 
American Society for Steel Treating, Cleveland, $4.00. 

38. Structural Metallography, H. B. Pulsifer, 1924, 210 pp., Chemical 

Publication Co., Easton, Pa. 
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Specifications and Recommended Practice 


Specifications for certain heat treated products are issued by the War 
/ Department, Navy Department, American Society for Testing Materials and 
i Society of Automotive Engineers. 
' Recommended practice as to the heat treatment suggested to meet speci- 
fications, or for particular products, may be found in the TRANSACTIONS and 
the HanpBOOK of the American Society for Steel Treating and to a lesser 
extent, in the publications of the American Society for Testing Materials and 
the Society of Automotive Engineers. 










Sources of Fuller Information on Heat Treatment 




















The foregoing account of the principles involved in the heat treatment 
of steel is by no means complete, and is intended only as an introduction to 
larger treatises. The subject is so complex that the student will be well re- 
paid if, before going on to the study of more detailed descriptions of the 
principles and processes of heat treatment, he will first study two or three 
of the shorter publications which cover much the same ground as does this 
outline. Each author is likely to take for granted that his reader grasps his 
initial presentation of any new point and then to go on to an argument de- 
pending on that point. 

If the same facts, presented from different points of view by different 
writers, are read in different publications, the fundamentals with which all 
the writers deal will become clearer to the reader. Such apparent duplication 
is more necessary when a reader is working on the subject at home and has 
no opportunity to discuss with experts points that are not clear, as he may 
do when studying the subject in a technical school. 


Elementary Discussions 


Two relatively brief elementary discussions of the principles of heat 
treatment are recommended for introductory reading. It should be remarked 





908 TRANSACTIONS OF THE A. S. 8. T. December 


at the outset that a mere rapid reading of these books will not suffice. Th, 
principles of heat treatment involve so many factors that only after continueg 
study can these factors be learned, remembered and applied. 


39. Elements of the Heat Treatment of Steel, French, H. J., Americay 
Machinist, Vol. 55, Dec. 8 and 15, 1921, pp. 907, 960 (9 pp). 
McGraw Hill Publishing Company, New York City. 

40. The Heat Treatment of Steel, Foley, F. B., Articles in Fuels anj 
Furnaces, Vol. 2, No. 9, Sept., 1914, p. 889 (46 pp.), published by 
F. C. Andresen and Associates, 706 House Bldg., Pittsburgh, Pa, 
(A good introduction to the subject). 

41. Heat Treatment of Steel, Boylston, H. M., Fuels and Furnaces. 
Vol. 4, No. 9,-Sept., 1926, p. 1035 (31 pp.). 

42. The Heat Treatment of Metals, Lanham, E. T., and Irvine, A. §. 
1926, 100 pp. (Written to accompany a laboratory course in heat 
treatment), American Society for Steel Treating, Cleveland, $3.00. 

4 Other books dealing in an elementary or relatively non-technical manner 

: 4 with the principles of heat treatment are: 

43. Heat Treatment, Its Principles and Applications, Fulton, ©. H., 
Henton, H. M., and Knapp, J. H. (95 pp.), 1924, American Society 
for Steel Treating, Cleveland, $2.00. 

(This also appeared in serial form in Iron Trade Review, Vol. 73, 
1923). 
This is one of the clearest, short but quite complete, descriptions of the 
subject. A chapter on heat treating furnaces is included. 

44. Principles of Metallurgy of Ferrous Metals, Cammen, L., 2d Eid. 
1926, Chapter 4 (23 pp.). (Total pages 145), American Society 
for Steel Treating, Cleveland, $2.00. 

The other chapters will also be of interest. The book is written from 
the mechanical engineer’s point of view rather than that of the metallurgist. 

45. Non-Technical Chats on Iron and Steel, L. W. Spring, 1927, 2d 
Ed., 465 pp., American Society for Steel Treating, Cleveland, $4.00. 

Chapters dealing with heat treatment in its relation to materials of con 
struction are found in the books mentioned under mechanical testing and 

metallography, especially numbers 19, 20, 21, 25, 30, 32, 35, 36, 37. 

46. Iron and Steel—(A pocket encyclopedia) Tiemann, H. P., 1919, pp. 


211-233 (22 pp.). Total pp. 514, American Society for Steel Treat- 
ing, Cleveland, $4.00. 


47. Kent’s Mechanical Engineers Handbook, Kent, R. T., 1923, 10th 
Ed., pp. 425-431, 449-454, American Society for Steel Treating, 
Cleveland, $6.00. 


48. Mark’s Mechanical Engineers Handbook, Marks, L. S., 1924, Ed., 
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pp. 471-523, American Society for Steel Treating, Cleveland, $6.00. 


Text books dealing with heat treatment of steel as well as of the manv- 
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ce. The facture of iron and steel, or dealing with heat treatment of steel as one part 
of the metallurgy of both ferrous and nonferrous alloys, are given above under 
metallographic testing. Others are— 
49. Metallurgy of Iron and Steel, Stoughton, B., 1923, Chapter 15, 
American Society for Steel Treating, Cleveland, $4.00. 
50. The Science of Metals, Jeffries, Zay, and Archer, R. 8., 1924, 460 
pp., American Society for Steel Treating, Cleveland, $5.00. 
(Deals especially with the principles of grain growth and of 
hardening. One of the most important text books). 
51. Iron and Steel, Boylston, H. M., 1928, pp. 494-561, American 
Turnaces, 4 Society for Steel Treating, Cleveland, $5.00. 


-ontinued 


American 
(9 pp.), 


phe cera peek ce 
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irgh, Pa, 
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Books dealing in considerable detail with heat treatment and, as well, 
e, A. §,, ; with factors in the making of steel that have a bearing on its behavior in heat 
> in heat treatment are: 
d, $3.00, 52. The Making, Shaping and Treating of Steel, Camp. J. M., and 
| Manner Francis, C. B., 4th Ed., 1925, Pt. 3,174 pp. (Total pp. 1142), pub- 
lished by Carnegie Steel Company, Pittsburgh, Pa. Price, $8.00. 
(This book covers all phases of the steel industry in a clear fashion. 


| Society It is a very useful reference book). 


A book dealing in particular with heat treatment of steel castings is: 


Vol. 73, 53. Heat Treatment of Soft and Medium Steels, F. Giolitti, 1921. 
(Translated by Thum, E. E., and Vernaci, D. G. (374 pp.), Ameri- 


sof the fp ean Society for Steel Treating, Cleveland, $5.00. 


Two series of articles, not yet available in book form, but to be pub- 
lished as books later, have appeared in the TRANSACTIONS of the American 
Society for Steel Treating, 7016 Euclid Ave., Cleveland, in the last few years. 


2d Ed. 
Society 


54. Constitution of Steel and Cast Iron, Sisco, F. T., TRANSACTIONS, 
American Society for Steel Treating, 1926-1928. 

55. Facts and Principles Concerning Steel and Heat Treatment, Knowl- 

1927, 2d & ton, H. B., Transactions, American Society for Steel Treating, 

d, $4.00. ; 1925-28, especially Vol. 11, 1927, p. 450, Vol. 12, 1927, pp. 106, 

of con 478, 791. 

ing and (Both series are written in simple style and from the practical point 
of view). 


en from 
ullurgist. 


919, pp. A rather similar series of articles forming a text book for use in the 
1 Treat- night course given at and the correspondence course given by Temple Uni- 
versity, Philadelphia, is by H. C. Knerr. 
56. Knerr, H. C., Forging-Stamping and Heat Treating, 1924-28 (now 
Heat Treating and Forging), 108 Smithfield St., Pittsburgh, Pa. 
Books dealing primarily with heat treatment are: 
Heat Treatment of Tool Steel, Brearley, H., 2d Edition, 207 pp. 
1911, American Society for Steel Treating, Cleveland, $5.00. 
Working of Steel, Annealing, Heat Treating and Hardening of 
Carbon and Alloy Steel, Colvin, F. H., and Juthe K. A., 1921, 246 
pp., American Society for Steel Treating, Cleveland, $3.00. 
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59. Steel Thermal Treatment, Urquhart, J. W., 1927, 2d Ed., 352 pp, 
American Society for Steel Treating, Cleveland, $8.00. 

60. Steel and Its Heat Treatment, 3d Ed., 1918 (165 pp.), publisheg 

by Metallurgical Staff, E. F. Houghton and Company, Philadelphia, 

Pa. 

61. Practical Metallurgy for Engineers, lst Ed., 1923, 431 pp., published 
by E. F. Houghton and Company, Philadelphia, Pa. 
(Although the titles differ, the latter of these last two covers about 
the same ground as the former). 


Other publications dealing with the subject from the metallographic point 
of view, which have some comment on principles of heat treatment, are: 


62. Metallurgy, Wysor, H., 1927, pp. 380-398, Chemical Publishing Com. 
pany, Easton, Pa. 

63. Microscopic Examination of Steel, Navy Department, 1916, 
October, Ordnance, Pamphlet No. 403. 

64. Microstructure of S. A. E. Steels After Recommended Heat Treat- 
ments, Sauveur, A., and Reed, E. L., 1927, American Society for 
Steel Treating, 7016 Euclid Avenue, Cleveland. 

(A chart, with 166 reproductions of micrographs of structure), 
$10.00. 

65. The Physico-Chemical Properties of Steel, Edwards, C. A., 2d Ed, 
1920, Chas. Griffin & Co., London (280 pp.). 

66. The Metallography of Steel and Cast Iron, Woodward, W. E., 
1926, Crosby Lockwood and Son, London, 143 pp. 

67. Steel and Its Heat Treatment, Bullens, D. K., 3d Ed., 1927, 564 

pp., American Society for Steel Treating, Cleveland, $5.00. 
This is the latest, most complete book on the subject, and while 
intensely practical, clearly brings out the theory and principles 
involved and the way they are applied. It should be in the 
library of every steel treater. It deals both with carbon and 
alloy steels. 

68. The Steel Foundry, Hall, J. H., 1922, Chapter 9, pp. 273-316. 
(Total pp. 334), American Society for Steel Treating, Cleveland, 
$5.00. 


(Contains a discussion of heat treatment of steel castings). 


Another extremely useful book, dealing largely with alloy steels, but also 
with the general principles of heat treatment is: 


69. Engineering Steels—Aitchison, L., 1921, 397 pp., American 
Society for Steel Treating, Cleveland, $6.00. 


(This is of special value in the problem of the choice of steels 
for different engineering uses). 


Another book written from a similar point of view, but dealing espe- 
cially with molybdenum steels which were not dealt with by Aitchison is:— 


70. Molybdenum, Cerium and Related Alloy Steels, H. W. Gillett and 
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E. L. Mack, 1925, The Chemical Catalogue Co., Inc., New York 
City, 300 pp. 
A report on properties of carbon and alloy steels after different heat 
treatments, and dealing especially with the ‘‘mass effect,’’ is:— 
71. Report of the Steel Research Committee, British Engineering 
Standards Association, October, 1920, published by J. W. Northend, 
Ltd., West St., Sheffield, England. 


Commercial Booklets 


Much useful information on alloy steels and their treatment as well as 
data bearing on the heat treatment of carbon steel can be obtained from 
booklets put out by firms that produce or sell alloy steel. 


Mechanical Properties 


The mechanical properties of steels corresponding to the Society of Auto- 
motive Engineers specifications are given in the 8. A. E. 
reference 29), and (reference 83). 


Handbook (see 


72. Bureau of Standards Circular No. 101, Physical Properties of 
Materia's—available from Superintendent of Documents, Washing- 
ton, D. C., for 40 cents, stamps not accepted. 


Case Hardening 


73. Case Hardening of Steel, Brearley, H., 1914, 170 pp., American 
Society for Steel Treating, Cleveland, $6.40. 

74. The Cementation of Steel, Giolitti, F., Translated by Richards, 
J. W., and Roullier, C. A., 407 pp., 1915, American Society for Steel 
Treating, Cleveland, $5.00. 


APPENDIX B 


SOURCES OF FURTHER INFORMATION—CURRENT PUBLICATIONS 


Technical Societies 


The American Society for Steel Treating, 7016 Euclid Avenue, Cleveland, 
issues its TRANSACTIONS monthly. It issues a handbook containing recom- 
mended practices on such subjects as heat treatment of plain carbon steel, 
carbon tool steel, high speed steel, oil-hardening tool steel, finishing steel, taps 
and milling cutters, die blocks, spring steel, magnet steel, etc.; carburizing 
and heat treatment of carburized steels, gears, cam shafts, piston pins, selec- 
tive carburization, iron-carbon diagram, stainless steel, nickel and nickel- 
chromium, tungsten, vanadium, and molybdenum steels; pyrometry, prepara- 
tion and etching of metallographic specimens, photomicrography, hardness 
tests, tensile and other test specimens, cutting tests of tool steels, S. A. E. 
specifications, coloring steel articles, electric furnace efficiencies, lead baths, 
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os abet ese - . 


articles on heat treatment. 


Periodicals 


technical societies, are: 





fuels, fuel consumption, corrosion of iron and steel, salt baths, cast iron, 
firebrick shapes, forging, etc. 

A list of the reprints of articles printed in the TRANSACTIONS with prices, 
ean be obtained from the Society. 

The Society of Automotive Engineers, 29 West 39th Street, New York 
City, issues data sheets on the properties of the S. A. E. steels. Its Bulletin 
and Transactions contain some articles of interest. 

The American Society for Testing Materials, 1315 Spruce Street, Phila 
delphia, Pa., issues specifications, and its annual Proceedings contain articles 
on testing and research. 

The Transactions of the American Society of Mechanical Engineers, 29 
West 39th Street, New York City, contain some articles related to heat treat 
ing and heat treated products. 

The American Institute of Mining and Metallurgical Engineers, 29 West 
39th Street, New York City, issues separate pamphlets on the metallurgy of 
iron and steel, a monthly periodical Mining and Metallurgy and its 
Transactions. Information dealing with heat treatment is found in these 
publications. 

Abstracts of current literature on heat treatment are issued in publica- 
tions of all these societies except the American Society for Testing Materials 

The British Iron and Steel Institute, 27 Victoria St., London, 8S. W. [., 
England, issues its Journal twice a year, which contains original articles and 
abstracts of current literature. 

The American Iron and Steel Institute, 61 Broadway, New York City, 
issues an annual year book. 

The American Electrochemical Society, Columbia University, New York 
City, issues Transactions twice a year in which some articles of interest to heat 
treaters, especially on electric furnaces, may appear. 


lay 


Abstracts 


Bldg., Washington, D. C., and Science Abstracts are published by Spon and 
Chamberlain, 120 Liberty Street, New York City. 

Industrial Arts Index is published by H. W. Wilson Company, 960 Uni 
versity Ave., New York City. All carry abstracts or references to current 


Journals dealing on a whole or in part with heat treating, not issued by 


Iron Age, 239 West 39th Street, New York City. 

Iron Trade Review, Penton Publishing Co., Cleveland. 

Heat Treating and Forging (formerly Forging-Stamping and Heat 
Treating), published by Steel Publications Inc., Pittsburgh. 

Fuels and Furnaces, House Bldg., Pittsburgh. 

Iron and Steel World, House Bldg., Pittsburgh. 


Chemical Abstracts are published by the American Chemical Society, Mills 
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Government Publications 


The Bureau of Standards and Bureau of Mines, both of the Department 
of Commerce, Washington, D. C., carry on experimental work dealing with 
the production and heat treatment of steel. Lists of their publications will 
be sent on request, and the official publications of these Bureaus may be pur- 
chased from the Superintendent of Documents, Government Printing Office, 
Washington, D. C. 


Foreign Periodicals 





Important foreign periodicals carrying articles on heat treatment are: 


Revue de Metallurgie, 5 Cite Pigalle, Paris, France. 
Engineering 35 Bedford St., Strand, London, 
W. C. 2, England. 

The Engineer 33 Norfolk St, Strand, London, 
(also Metallurgy, a monthly W. C. 2, England. 
supplement) 

Stahl und Eisen 27 Breite Strasse, Dusseldorf, 

Germany. 


APPENDIX C 


FACILITIES FOR Stupy OF PRINCIPLES AND PRACTICE OF HEAT TREATMENT 


Suggested Course for Home Reading 






















It is believed that a careful study of the following books, in about the 
4 order given, will give the student a useful understanding of the principles and 
practice of heat treatment: 


French (39) 
3 Fulton-Henton-Knapp (43) 
Foley (40), or Lanham and Irvine (42). 
The American Society for Steel Treating Handbook 
Knowlton (55) 
Sisco (54) 
or 
Knerr (56) 
Aitchison (69) 
Camp and Francis (52) 
or 
Boylston (51) | 
Bullens (67) 
Hoyt (35) 
Sauveur (30) 
Howe (36) 
Jeffries and Archer (50) 
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Such a course of study should put the student in a position to under. 


stand even the more technical articles dealing with heat treatment in current A - 
journals. - 

If library facilities are not available and the student can only invest a Tre 
little money in a technical library, he can get much information at small cost of 
in the following: od 

Fulton-Henton-Knapp (43), American Society for Steel Treating at 


Handbook, Bullens (67), and by joining the American Society for Stee] 
Treating, so as to get the current TRANSACTIONS. 


Correspondence Courses 





It will often be easier for a student to work on a definitely laid out course 
of study than to depend solely on reading a series of books. Correspondence 
courses dealing in especial detail with heat treatment and metallography are 
the Sauveur and Boylston Correspondence Course, 2083 Taylor Road, East 
Cleveland, Ohio, and one given by H. C. Knerr, 1500 Green St., Philadelphia. 

The International Correspondence Schools, Scranton, Pa., include ele- 
mentary pamphlets on Hardening and Tempering, and on Heat Treatment of 
Low Carbon Steel in their Tool Making, and Blacksmithing and Forging Divi- 
sions of the Courses in Shop Practice. They state that these pamphlets are 
not intended as a complete course on the subject. Correspondence courses are 
also given by various universities, usually in connection with the work of the 
Engineering Schools. 


7 aad _ s 


Such Engineering Extension courses are or have been given by: 


University of Arkansas, Fayetteville, Ark. 
University of California, Berkeley, Calif. 
University of Chicago, Chicago. 

University of Colorado, Boulder, Colo. 
University of Florida, Gainesville, Fla. 
University of Kansas, Lawrence, Kan. 
University of Maine, Orono, Me. 

University of Nebraska, Lincoln, Neb. 
University of North Dakota, Grand Forks, N. D. 
University of Oklahoma, Norman, Okla. 
Penn State College, State College, Pa. 
Purdue University, Lafayette, Ind. 
University of Wisconsin, Madison, Wis. 
University of Washington, Seattle, Wash. 


cane OS aaa eed 
sa F is shthoamaial : 


Enrollment in courses given by state institutions is not necessarily limited 
to residents of the state. 

Interested parties should correspond with the institutions giving these 
courses to find out whether the course is now being given and what it covers, 
since the scope of these courses is subject to change, and metallurgy and heat 
treatment may be dealt with more or less briefly. 
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Night Schools 


The meetings of the local chapters of the American Society for Steel 
Treating have a distinct educational value. Besides the usual meetings, some 
of the chapters, in cooperation with local educational institutions, offer night 
school courses in heat treating. Such courses are being, or have been, given 
at the following: 


Chapter Institution 
Golden Gate— 
San Francisco, Calif. 
Los Angeles University of California 
Boston Massachusetts Institute of Technology 
North West University of Minnesota 
Montreal, Canada McGill University 
Detroit Cass Technical High School and Col- 
lege of the City of Detroit 
Cincinnati University of Cincinnati 
Chicago Lewis Institute 
Philadelphia Temple University 
Pittsburgh Carnegie Institute of Technology 
Syracuse Syracuse, University 
Worcester, Mass. Worcester Polytechnic Institute. 
Providence, R. I. 
New Haven Yale University 
Milwaukee Milwaukee Continuation School 


The plans for such courses of the chapter nearest the inquirer can be 
ascertained at any time from the American Society for Steel Treating, Society 
headquarters, 7016 Euclid Avenue, Cleveland. 

Night courses are given by H. M. Boylston at Cleveland College of Western 
Reserve University, affiliated with Case School of Applied Science, Cleveland. 


APPENDIX D 


SELECTED BIBLIOGRAPHY 


A few articles of particular interest in connection with the subject matter 
of this outline are listed below: 


General 


75. Necessary Precautions to Obtain Uniformity in Heat Treatment 
of Steel, Loudenbeck, H. C., Transactions, American Society 
for Steel Treating, Vol. 1, 1921, p. 298. 
Theory of the Heat Treatment of Steel, Mitchell, W. M., Forging- 
Stamping-Heat Treating, Vol. 8, 1922, pp. 52, 114, 162. 
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Design from the Heat Treating Standpoint, Eaton, G. MM. 
TRANSACTIONS American Society for Steel Treating, Vol. 12, 1997 
p. 794, reprint No. 27115, 35 cents. 

See also refs. 54 and 55. 


Annealing, Normalizing and Spheroidizing 





78. Recommended Practice for the Heat Treatment for plain Carbon 
Steel, Handbook, American Society for Steel Treating, Cleveland, 
$7.50. 

79. Recommended Practice for Annealing of Miscellaneous Rolled and 
Forged Carbon Steel Objects, American Society for Testing Ma. 
terials, A. S. T. M. Standards, 1927, p. 362, Serial designation 


esa eat 


- e ~ 
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A-35-24. 

80. Heat Treating Definitions, American Society for Steel Treating 
Handbook. 

81. Agree Upon Heat Treatment Terms, Iron Age, July 14, 1927, p. 
79. 


82. Furnace Atmospheres and Their Relation to the Formation of Scale, 
McCormick, George C., TRANSACTIONS, American Society for Steel 
Treating, Vol. 2, 1922, p. 1007. 

83. Spheroidized Cementite in Hypoeutectoid Steels, MacPherran, R. S., 

and Harper, J. F., TRANSAcTIONS, American Society for Steel 

Treating, Vol. 6, 1924, p. 341. 

See also ref. 55. 
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on 


and Rate of Cooling 





High Tensile Strengths with Low Carbon Steels, Smith, R. H., 
' Proceedings, American Society for Testing Materials, Vol. 24 (2), 
1924, p. 618; Some Physical Properties of Low Carbon Steels, 
TRANSACTIONS, American Society for Steel Treating, Vol. 7, 1925, 

p. 569. 

85. Influence of Temperature, Time and Rate of Cooling on Physical 
Properties of Carbon Steel, Howe, H. M., Foley, F. B., and Win- 
lock, J., Transactions, American Institute of Mining and Metal- 
lurgical Engineers, Vol. 69, 1923, p. 722,—and a further report by 
Foley, F. B., Clayton, C. Y., and Remmers, W. E., Vol. 73, 1926, 
p. 929. 

86. The Hardening of Steel, Jeffries, Z., and Archer, R. 8., TRANS- 
ACTIONS, American Society for Steel Treating, Vol. 4, 1923, p. 263. 

87. Cooling Properties of Technical Quenching Liquids, Pilling, N. B., 
and Lynch, T. D., Transactions, American Institute of Mining and 
Metallurgical Engineers, Vol. 62, 1920, p. 665. 

88. Initial Temperature and Mass Effects in Quenching, French, H. J., 
and Klopsch, O. Z., TRANsacTions, American Society for Steel 

Treating, Vol. 9, 1926, p. 33, reprint 2612, 50 cents. 
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Quenching Diagrams for Carbon Steels in Relation to Some 
Quenching Media for Heat Treatment, French, H. J., and Klopsch, 
O. Z., TRANSACTIONS, American Society for Steel Treating, Vol. 6, 
1924, p. 251. 

Some Characteristics of Quenching Curves, French, H. J., and 
Klopsch, O. Z., TRANSACTIONS, American Society for Steel Treat- 
ing, Vol. 9, 1926, p. 857. 

Quenching Properties of Glycerine and Its Water Solutions, Scott, 
Howard, TRANSACTIONS, American Society for Steel Treating, Vol. 
6, 1924, p. 13, reprint 2471, 40 cents. 

The Theory in Quenching Steel, Honda, K., TRANsacTions, Ameri- 
ean Society for Steel Treating, Vol. 4, 1923, p. 450. 

High Temperature Quenching Treatment Applied to Cold Heading 
Ball Dies of Plain Carbon Tool Steel, Wright, F. L., Feb., 1928, 
TRANSACTIONS, American Society for Steel Treating, Vol. 13, p. 282. 
See also ref. 55. 


Tempering Plain Carbon Tool Steels, Hillman, V. E., Forging- 
Stamping-Heat Treating, Vol. 12, 1926, p. 444. 

Non-Deforming Steels Require Care. W. P. Eddy, Jr., Iron Age, 
1928, p. 468. 

Effect of Reheating Cold Drawn Bars, Spalding, 8S. C., Trans- 
ACTIONS, American Society for Steel Treating, Vol. 9, 1926, p. 685, 
reprint 2652, 35 cents. 

Thermal and Physical Changes Accompanying the Heating of 
Hardened Carbon Steels, Scott, H., and Movius, H. G., Bureau of 
Standards, Scientific Paper 395, 1920, 20 pp., 5 cents. 

Strueture of Martensitic Carbon Steels and the Changes in Micro- 
structure which Occur on Tempering, Rawdon, H. 8., and Epstein, 
S., Bureau of Standards Scientific Paper 452, 1922, 37 pp., 15 cents. 
(The last two are obtainable from the Superintendent of Docu- 
ments, Washington, D. C., at prices shown, stamps not accepted). 
See also ref. 55. 


Retained Austenite and Theories of Hardening 


99. 


100. 


Austenite and Austenitic Steels, Mathews, J. A., Transactions, 
American Institute of Mining and Metallurgical Engineers, Vol. 
71, 1925, p. 568; Retained Austenite, TRANSACTIONS, American 
Society for Steel Treating, Vol. 8, 1925, p. 565; Retained Austenite, 
Journal, Iron and Steel Institute, Vol. 112, 1925, p. 299. 

On the Constitution and Properties of Hardened Steel, Jeffries, 
Z., and Sykes, W. P., TRANSACTIONS, American Society for Steel 
Treating, Vol. 12, 1927, p. 87. 

A Contribution to the Theory of Hardening and the Constitution 
of Steel, Jeffries, Z., TRANSACTIONS, American Society for Steel 
Treating, Vol. 13, 1928, p. 369, reprint 2831, 50 cents. 
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Facts and Principles Concerning Steel and Heat Treatment Ix, 
Knowlton, H. B., TRANSACTIONS, American Society for Stee! 
Treating, Vol. 10, p. 638-56. 

The Decomposition of the Austenitic Structure in Steels, Dowdell]. 
R. L., and Harder, O. E., TRANSACTIONS, American Society for 
Steel Treating, Vols. 11 and 12, 1927,—7 installments. 

Density and X-Ray Spectra of Hardened Steel at Various Tem. 
peratures, Heindlhofer, K., and Wright, F. L., TRANsActions, 
American Society for Steel Treating, Vol. 7, 1925, p. 34. 
Current Theories of Hardening of Steel, Sauveur, A., Transactions, 
American Institute of Mining and Metallurgical Engineers, Vo). 
73, 1926, p. 859. 


Heat Treatment of Steel Castings, Connaroe, A. N., Trans. 
ACTIONS, American Society for Steel Treating, Vol. 8, 1925, p. 
150. 

Heat Treatment of Steel Castings, Neel, H. A., Transactions, 
American Foundrymen’s Association, Vol. 13, 1924, p. 203. 

Heat Treatment Data on Quality Steel Castings, White, A. E., 
Forging-Stamping-Heat Treating, Vol. 12, 1926, p. 164. 
Annealing of Steel Castings, Barton, L. J., Foundry, Vol. 54, 
1926, p. 854;. p. 892. 

High Temperature Treatment of Castings, Ete., Merten, W. J., 
TRANSACTIONS, American Society for Steel Treating, Vol. 13, 1928, 
p. 1. 

Heat Treatment of Cast Iron, Coyle, F. B., TRANSACTIONS, Ameri 
ean Society for Steel Treating, Vol. 12, 1927, p. 446. 

Effect of Heat Treatment on the Combined Carbon in Gray Cast 
Iron, Roth, E. L., TRANSACTIONS, American Society for Steel 
Treating, Vol. 12, 1927, p. 27, reprint 2772, 40 cents. 


Salt and Lead Baths 


113. 


Fused Sait Baths for Prevention of Soft Spots in Quenched High 
Carbon and Carburized Steels, Merten, W. J., TRANSACTIONS, 
American Society for Steel Treating, Vol. 7, 1925, p. 23. 

Salt Baths, Tour, S., TRANSACTIONS, American Society for Steel 
Treating, Vol. 6, 1924, p. 171, reprint 2481, 50 cents; American 
Machinist, Vol. 61, 1924, p. 525. 

Design and Operation of Furnaces for Salt Baths, Tour, §., 
TRANSACTIONS, American Society for Steel Treating, Vol. 9, 1926, 
p. 553, reprint 2643, 50 cents; Forging-Stamping-Heat Treating, 
Vol. 12, 1926, p. 173. 


Design and Use of Salt Bath Furnaces, Epstein M., Machinery, 
32, 1926, p. 787. 
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Heat Treating Methods and Apparatus, Bellis, C. B., TRaNns- 
ACTIONS, American Society for Steel Treating, Vol. 8, 1925, p. 
837, reprint 25128, 25 cents. 

Heat Treating in Lead, Schenck, R. B., TRANSACTIONS, American 
Society for Steel Treating, Vol. 2, 1922, p. 1203. 

Salt Bath Furnaces, Design and Operation, Tour, 8., Forging, 
Stamping, Heat Treating, Vol. 12, May, 1926, p. 173. 

Lead Baths, Schenck, R. B., HANpDBooK, American Society for 
Steel Treating. 


Case Hardening 


Carburizing and Heat Treatment of Carburized Objects, Shepherd, 

B. F., TRANSACTIONS, American Society for Steel Treating, Vol. 

7, 1925, p. 774, reprint 2562, 50 cents. 

Protective Coatings for Selective Carburization, Vanick, J. &., 

and Herschman, H. K., TRANSACTIONS, American Society for Steel 

Treating, Vol. 4, 1923, p. 305. 

Carburization by Solid Cement, Day, W. E., Jr., TRANSACTIONS, 

American Society for Steel Treating, Vol. 9, 1926, p. 240, reprint 

2623, 35 cents. 

Irregular Carburization of Iron and Iron Alloys, Merten, W. J., 
TRANSACTIONS, American Society for Steel Treating, Vol. 9, 1926, 
p. 907. 

Progress in the Study of Nornial and Abnormal Steel, Epstein, S., 
and Rawdon, H. 8., TRANSACTIONS, American Society for Steel 
Treating, Vol. 12, 1927, p. 337, reprint 2791, 40 cents. See also 
forthcoming Bureau of Standards Technologic Paper. 

Cyanide Brittleness, Hillman, V. E., Clarke, E. D., TRANSACTIONS, 
American Society for Steel Treating, Vol. 10, 1926, p. 954, re- 
print 26137, 50 cents. 

Gas Carburization of Steel, Guthrie, R. G., and Wozasek, O. J., 
TRANSACTIONS, American Society for Steel Treating, Vol. 12, 1927, 
p. 853, reprint 27121, 35 cents. 

Carburizing Iron with Mixtures of Hydrogen and Methane, Sykes, 
W. P., TRANSACTIONS, American Society for Steel Treating, Vol. 
12, 1927, p. 737, reprint 27112, 30 cents. 

Case Carburization of Production Steels by Means of Salt Baths 
of Low Cyanide Concentration, Northrup, H. B., TRANSACTIONS, 
American Society for Steel Treating, Vol. 12, 1927, p. 470, reprint 
2796, 30 cents. 

The Application of Nitrogen to the Surface Hardening of Steel, 
Homerberg, V. O., Fuels and Furnaces, Vol. 6, Jan., 1928, p. 29. 
The Krupp Nitrifying Process, Nelson, T. Holland, TRANSACTIONS, 
American Society for Steel Treating, Vol. 11, No. 2, p. 328, Feb., 
1927. 

Carburizing in Rotary Machines, Machinery, Vol. 33, Jan., 1927, p. 
381. 
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Rotary Carburizing, Rockwell, 8. P., Machinery, Vol. 33, Sept., 
1926, p. 12. 

Practical Course in the Elements of Physical Metallurgy, VII. 
Carburizing and Case Hardening, Knerr, H. C., Forging-Stamping- 
Heat Treating, Vol. 11, Dec., 1925, p. 420; Vol. 12, Jan., 1926, 
p. 9. 

The Gaseous Cementation of Iron and Steel, III. The Influence 
of Hydrocarbons on the Carburization of Iron and Steel. Bramley, 
A., and Lawton, G., Iron and Steel Institute, London, Carnegie 
Scholarship Memoirs, Vol. 16, 1927, p. 35. 

Gas Carburization of Steel, Guthrie, R. G., and Wozasek, O. J., 
TRANSACTIONS, American Society for Steel Treating, Vol. 12, 
Dec., 1927, p. 853, reprint 27121, 35 cents. 

First Principles of the Carbonizing Process. A Consideration of 
the Fundamental Facts and Factors, Selleck, T. G., TRANSACTIONs, 
American Society for Steel Treating, Vol. 1, April, 1921, p. 383. 
Case Hardening. What is the Case Depth? Rockwell, S. P., and 
Downes, F., TRANSACTIONS, American Society for Steel Treating, 
Vol. 15, 1924, p. 284-301, reprint 2461, 50 cents. 

Case Hardening in Gas-Heated Furnaces, Smith, A. J., Forging- 
Stamping-Heat Treating, Vol. 12, Aug., 1926, p. 289. 

Carburizing Temperature Best Suited for Steels of Various Car 
bon Contents, Haux, C. A., TRANSACTIONS, American Society for 
Steel Treating, Vol. 1, Aug., 1921, p. 638. 

Carburizing Heavy Sections, McInerney, W. I., TRANSACTIONS, 
American Society for Steel Treating, Vol. 2, Dec., 1921, p. 237. 
Carburization of Steel, Shepherd, B. F., Transactions, American 
Society for Steel Treating, Vol. 4, Aug., 1923, p. 171. 

The Carburization of Steel, Northrup, H. B., Fuels and Furnaces, 
Vol. 6, Jan., 1928, p. 61. 

Carbonizing with Wood Charcoal, Schagrin, H., TRANSACTIONS, 
American Society for Steel Treating, Vol. 2, Jan., 1922, p. 331. 
The Carbonizing Process-Relation of Temperature to Quality of 
Case and Core, Selleck, T. G., TRANSACTIONS, American Society 
for Steel Treating, Vol. 1, Aug., 1921, p. 655. 

Carbonizing and Carbonizing Materials, Knowlton, H. B., Trawns- 
ACTIONS, American Society for Steel Treating, Vol. 1, Aug., 1921, 
p. 689. 

Carburization by Solid Cements, Day, W. E., Jr., TRANSACTIONS, 
American Society for Steel Treating, Vol. 9, Feb., 1926, p. 240, 
reprint 2623, 35 cents. 

Carburizing and Heat Treatment of Carburized Objects, Shep- 
herd, B. F., TRANSACTIONS, American Society for Steel Treating, 
Vol. 7, June, 1925, p. 774, reprint 2562, 50 cents. 

Efficiency of Different Mixtures for Cyanide Hardening and the 
Role of Nitrogen in the Process, Hillman, V. E., TRANSACTIONS, 
American Society for Steel Treating, Vol. 2, Jan., 1922, p. 296. 
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3, Sept, rs . Case Carburization of Production Steels by Means of Salt Baths 
i] of Low Cyanide Concentration, Northrup, H. B., TRANSACTIONS, 
gy, VII. f American Society for Steel Treating, Vol. 12, Sept., 1927, p. 470. 
famping- [ie _ Case Hardening with Cyanide, Chemical Age, Vol. 10, May 17, 
n., 1926, bs 1924, p. 516. 
4 Carburizing, American Society for Steel Treating HANDBOOK, 
influence Page 179. 
3ramley, 4 8. Copper-Plating in Selective Case Hardening, Metallurgical In- 
Jarnegie 4 dustry, London, Vol. 25, 1924, Oct. 3, p. 334. 
B Case Hardening with Nitrides, Iron Age, Vol. 118, Aug. 5, 1926, 
, 0. J., : p. 340. ; 
Vol. 12, 55. The Gaseous Cementation of Iron and Steel, I. Cementation by 
Carbon Monoxide, Bramley, A., and Jinkings, A. J., Iron and Steel 
ition of q Institute, London, Carnegie Scholarship Memoirs, Vol. 15, p. 17, 
.CTIONs, i 1926; Chemical Abstracts, Vol. 21, May 20, 1927, p. 1622. 
D. 383. . 
eon Speed Tool Steels 
reating, 
156. Complete Bibliography of High Speed Tool Steel, 1900-1922, 
orging- 4 TRANSACTIONS, American Society for Steel Treating, Vol. 3, 1922, 
/ p. 47. 
is Car ; 57. Heat Treatment of High Speed Steel Dies, Swander, C. B., TRANs- 
ty for : ACTIONS, American Society for Steel Treating, Vol. 8, 1925, p. 727, 
f reprint 2561, 35 cents. 
‘TIONS, & . Effect of Heat Treatment on Lathe Tool Performance and Some 
237. Other Properties of High Speed Steel, French, H. J., Strauss, 
lerican ; Jerome, and Digges, T. G., TRANsAcTIONS, American Society for 
Steel Treating, Vol. 4, 1923, p. 353. 
naces, 7 . Recommended Practice for the Heat Treatment of 18 Per Cent 
Tungsten High Speed Steel, Recommended Practice Committee— 
TIONS, | HANDBOOK, American Society for Steel Treating. 
31. 4 . High Speed Steels, Lantsberry, F. C. A. H., TRANSACTIONS, 
ity of American Society for Steel Treating, Vol. 11, 1927, p. 711. 
ociety . The Nature and Function of Chromium in High Speed Steel, Bain, 
E. C., and Grossmann, M. A., TRANSACTIONS, American Society 
RANS- : for Steel Treating, Vol. 6, 1924, p. 430, reprint 24102, 50 cents. 
1921, i . Facts and Principles Concerning Steel and Heat Treatment IV., 
Knowlton, H. B., TRANSACTIONS, American Society for Steel Treat- 
IONS, ing, Vol. 9, p. 111-132. 
240, . What Happens When High Speed Steel is Quenched? DeLong, 
B. H., and Palmer, F. R., TRANsactTIons, American Society for 
Shep- Steel Treating, Vol. 13, 1928, p. 420, reprint 2833, 40 cents. 
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Dimensional Changes Accompanying the Phenomena of Temper 
ing and Aging Tool Steels, Scott, H., TRANSACTIONS, American 
Society for Steel Treating, Vol. 9, 1926, p. 277. 

Origin of Quenching Cracks, Scott, H., Scientific Paper No. 513. 
Bureau of Standards, 1926, Superintendent of Documents, Wagh. 
ington, D. C., 20 cents, stamps not accepted. 

Why Metal Warps and Cracks, Keller, J. F., TRaNsactions, 
American Society for Steel Treating, Vol. 9, 1926, p. 373. 
Stresses in Quenched and Tempered Steel, Hoyt, 8. L., Trang. 
ACTIONS, American Society for Steel Treating, Vol. 11, 1927, p. 
509. ? 

On the Hardening Cracks in Tool Steels, Steinberg, S. S., Mes- 
senger of the Metal Industry, Moscow, 5-6, 1926; 70-79; Trans. 
ACTIONS, American Society for Steel Treating, Vol. 10, Nov., 1926, 
p. 824. 

Why Steels Crack, Forging-Stamping-Heat Treating, Vol. 13 
Nov., 1927, p. 446. 

Some Causes of the Warping and Cracking of Heat-Treated Steel, 
Richardson, 8. A., Fuels and Furnaces, Vol. 3, April, 1925, p. 35s. 
Facts and Principles Concerning Steel and Heat Treatment, V., 
TRANSACTIONS, American Society for Steel Treating, Vol. 9, p. 
615-636; VI, p. 781-92. 

Cracks or Fissures Produced on Hardening, Hebert, J., Technical 
Moderne, Vol. 18, p. 139, 1926; Chemical Abstracts, Vol. 20, Aug., 
20, 1926, p. 2642. 


) 


Discussion of Temper Brittleness, I. Remarks on Temper Brittle- 
ness, Portevin, A., Revue de Metallurgie, Vol. 24, p. 36, 1927; 
Chemical Abstracts, Vol. 21, April 20, 1927, p. 1244. 

Blue Brittleness, Maurer E. Mailander, R., Stahl wnd Lisen, 45, 
March 19, 1925, p. 409; Journal, Iron and Steel Institute, Vol. 
111, No. 1, 1925, p. 556; Metallurgist, June 26, 1925, p. 91. 

On the Cause of Temper Brittleness in Steels, Honda, K., Yamada, 
R., Science Reports, Tohoku Imperial University, Sendai, Japan, 
Vol. 16, April, 1927. 

Nitrogen as a Possible Factor in Temper-Brittleness, Griffiths, 
W. T., Journal, Iron and Steel Institute, May, 1925; Hngineering, 
Vol. 119, p. 619; Chemical Abstracts, Vol. 19, July 10, 1925, p. 
2017. 

A Physical Investigation Into the Cause of Temper Brittleness, 
Andrew, J. H., and Dickie, H. A., Journal, Iron and Steel Insti- 
tute, 1926; Vol, 119, p. 359; Iron and Coal Trade Review, Vol. 
113, Sept. 3, 1926, p. 339. 

Temper Brittleness of Steel; Susceptibility to Temper Brittleness 
in Relation to Chemical Composition, Greaves, R. H., and Jones, 
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J. A., Journal, Iron and Steel Institute, 1925; Vol. 111, p. 231; 
Chemical Abstracts, Vol. 19, July 10, 1925, p. 2017. 







Heat Treating Furnaces 











180. Modern Furnaces and Heat Treating Methods, Davis, E. F., 
TRANSACTIONS, American Society for Steel Treating, Vol. 12, 
1927, p. 291, reprint 2787, 25 cents. 
181. Practical Industrial Furnace Design, Mawhinney, M. H., Forging- 
Stamping-Heat Treating, Vol. 13, pp. 44, 83, 181, 271, 417, 452, 
497. 
182. The Determination of Furnace Efficiencies and Heat Treating 
Costs, Ipsen, C. L., TRANSACTIONS, American Society for Steel 
Treating, Vol. 8, July, 1925, p. 36, reprint 2574, 35 cents. 
183. Fuels and Furnaces for Heat Treating, Trinks, W., TRANSACTIONS, 
American Society for Steel Treating, Vol. 8, July, 1925, p. 58. 
i 184. Some Observations on Heating and Annealing Furnaces, DeFries, 
W., Fuels and Furnaces, Vol. 3, Feb., 1925, p. 159. 
185. Electric Furnaces for Heat Treating, Otis, A. N., Forging-Stamp- 
ing-Heat Treating, Vol. 12, June, 1926, p. 192. 
















Pyrometry and Dilatomctry 






t 186. Pyrometry, Schwartz, H. A., TRANSacTIONS, American Society for 
Steel Treating, Vol. 7, April, 1925, p. 518. 
187. A Practical Course in the Elements of Physical Metallurgy, IV, 
Pyrometry, Knerr, H. C., Forging-Stamping-Heat Treating, Vol. 
11, April, 1925, p. 125. 
(See ref. 56). 
188. A Dilatometer for Heat Treatment, Rockwell, S. P., Forging- 
Stamping-Heat Treating, Vol. 13, April, 1927, p. 132. 
189. Dilatometric Method of Heat Treatment, Harder, O. E., Dowdell, 
R. L., and Forsyth, A. C., TRANSACTIONS, American Society for 
Steel Treating, Vol. 9, p. 403-419, 1926, reprint 2632, 25 cents. 
190. Pyrometry, HANpBooK, American Society for Steel Treating. 













Thermal Analysis 






191. Effect of Manganese, Silicon, and Phosphorus on the Pearlite 
Interval, Kjerrman, B., TRANSACTIONS, American Society for Steel 
Treating, Vol. 9, p. 430, 1926, reprint 2635, 30 cents. 








High-Power Metallography 






192. High Power Magnification in Metallography, Guthrie, R. G., 
TRANSACTIONS, American Society for Stee! Treating, Vol. 7, Jan., 
1925, p. 4, reprint 2511, 35 cents. 

193. An Introduction to Ultra-Violet Metallography, Lucas, F. F., 
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Heat Treatment of Nonferrous Alloys—Precipitation Hardening 
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December 


Transactions, American Institute of Mining and Metallurgical 
Engineers, Vol. 73, 1926, p. 909. 
The Microstructure of Austenite and Martensite, Lucas, F. F., 
TRANSACTIONS, American Society for Steel Treating, Vol. 6, p. 
669, 1924. 

Application of Microtome Methods to the Preparation of Soft 
Metals for Microscopic Examination, Lucas, F. F., Proceedings, 
Institute of Metals Division, American Institute of Mining and 
Metallurgical Engineers, 1927, p. 481. 

Better Study of Soft Metals, Lucas, F. F., Iron Age, 120, July 
28, 1927, p. 201. 

High-Power Metallography. Some Recent Developments in Photo- 
micrography and Metallurgical Research, Lucas, F. F., Journal, 
Franklin Institute, 201, 177, 1926; Chemical Abstracts, Vol. 
20, Aug. 20, 1926, p. 2637. 

Microscope and Ultra-Violet Light, Lucas, F. F., Iron Age, Vol. 
117, Feb. 25, 1926, p. 555. 

Observations on the Microstructure of the Path of Fatigue Failure 
in a Specimen of Armco Iron, Lucas, F. F., TRANSACTIONS, Ameri- 
ean Society for Steel Treating, Vol. 11, April, 1927, p. 531, reprint 
2742, 50 cents. 

Some Recent Developments in Metallurgical Research, New 
Facts Developed by High-Power Metallography, Lucas, F. F., 
Journal, Royal Microscopical Society, Vol. 273, Dec., 1925, p. 393. 
Photomicrography and Its Application to Mechanical Engineer- 
ing, Lucas, F. F., Mechanical Engineering, Vol. 50, March, 1928, 
p. 205. 


An interesting article on the history of steel treating is:— 
202. 


The Story of Steel Treating, Winchell, P., Iron Age, Vol. 116, 
1925, p. 593. 


Light Alloys, Aluminum and Magnesium, Bureau of Standards 
Circular 346, 1927, 403 pp. Superintendent of Documents, Wash- 
ington, D. C. Price, $1.10, stamps not accepted. 

Heat Treatment of Duralumin, Merica, P. D., Waltenberg, R. G., 
and Scott, H., Bureau of Standards Scientific Paper 347, 1919; 
Bulletin, American Institute of Mining and Metallurgical Engi- 
neers, June, 1919, No. 150, p. 913. 

Aluminum Castings of High Strength, Archer, R. 8., and Jeffries, 
Z., Proceedings, Institute of Metals Division, American Institute 
of Mining and Metallurgical Engineers, 1927, p. 35. 

Copper Alloy Systems with Variable Alpha Range and Their Use 
in the Hardening’of Copper, Corson, M. G., Proceedings, Institute 
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of Metals Division, American Institute of Mining and Metal- 
lurgical Engineers, 1927, p. 435. 
207. The Iron-Tungsten System, Sykes, W. P., Transactions, American 

Institute of Mining and Metallurgical Engineers, Vol. 73, 1926, 
: p. 968. 
Lae 208. The Iron-Molybdenum System, Sykes, W. P., TRANSACTIONS, 
¥ American Society for Steel Treating, Vol. 10, 1926, p. 839, re- 
F print 26121, 50 cents. 





209. The Lead-Antimony System and Hardening of Lead Alloys, Dean, 
R. 8., Zickrick, L., and Nix, F. C., Transactions, American Insti- 
tute of Mining and Metallurgical Engineers, Vol. 73, 1926, p. 505. 

210. A Preliminary Study of Magnesium Base Alloys, Stoughton, B., 
and Miyake, M., Transactions, American Institute of Mining and 
Metallurgical Engineers, Vol. 73, 1926, p. 541. 

211. American Society for Steel Treating Handbook—Nonferrous 
Section. 











APPENDIX E 







DEFINITIONS 






The following tentative definitions of terms relating to heat treatment 
were prepared by a joint committee representing the American Society for 
Steel Treating, the American Society for Testing Materials and the Society 
of Automotive Engineers. They appear in the American Society for Steel 
Treating HANDBOOK, pp. 71 to 73; in TRANSACTIONS, American Society 
for Steel Treating, Vol. 12, 1927, p. 328; Proceedings, American Society for 
Testing Materials, Vol. 27, Part I, 1927, p. 703 and elsewhere. 










DEFINITIONS 


Heat Treatment.—An operation or combination of operations involving the 
heating and cooling of a metal or an alloy in the solid state. 


Se a ae 
_ 










Note: This is for the purpose of obtaining certain desirable conditions or properties. 
Heating and cooling for the scle purpose of mechanical working are excluded from the 
meaning of this definition. 





2. Quenching.—Immersing to cool. 





Nore: Immersion may be in liquids, gases or solids. 


3. Hardening.—Heating and quenching certain iron-base alloys from a tem- 
perature either within or above the critical temperature range. 

4. Annealing.—Annealing is a heating and cooling operation of a material in 

the solid state. 












Norg 1.—Annealing usually implies a relatively slow cooling. 
NoTE 7: amartaied is a comprehensive term. The purpose of such a heat treatment 
may ; 

(a) To remove stresses. 

(b) To induce softness. 

(c) To alter ductility, toughness, electrical, magnetic or other physical properties. 
(d) To refine the crystalline structure. 

(e) To remove gases. 


In annealing the temperature of the operation and the rate of cooling 
depend upon the material being heat treated and the purpose of the treatment. 
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Certain specific heat treatments coming under the comprehensive term 
‘fannealing’’ are: 

A, Normalizing.—Heating iron-base alloys above the critical temperatur. 
range followed by cooling to below that range in still air at ordinary 
temperature. 


Nore: In the case of hypereutectoid steel, it is often desirable to heat above 
the Acem line, as shown in Fig. 2 













B. Spheroidizing.—Prolonged heating of iron-base alloys at a temperature 
in the neighborhood of, but generally slightly below, the critical tem- 
perature range, usually followed by relatively slow cooling. 


Notre 1.—In the case of small objects of high carbon steels, the spheroidizing 
result is achieved more rapidly by prolonged heating to temperatures alternately 
within and slightly below the critical temperature range. 


Note 2.—Tempering, meaning the operation of hardening followed by reheating, 
of the carbide. 


C. Tempering (also termed Drawing).—Reheating, after hardening to 
some temperature below the critical temperature range followed by 
any rate of cooling. 


Notsp 1.—Although the terms “tempering” and “drawing” are practically 
synonymous as used in commercial practice, the term “‘tempering’’ is preferred. 
Note 2.—Tempering meaning the operation of hardening followed by reheating, 
is a usage which is illogical and confusing in the present state of the art of 
heat treating and should be discouraged. 












D. Malleableizing.—Malleableizing is a type of annealing operation with 
slow cooling whereby combined carbon in white cast iron is trans- 
formed to temper carbon and in some cases the carbon is entirely re 

moved from the iron. 


Note.—Temper carbon is free carbon in the form of rounded nodules made up 
of an aggregate of minute crystals. 


E. Graphitizing.—Graphitizing is a type of annealing of cast iron whereby 
some or all of the combined carbon is transformed to free or uncon- 
bined carbon. 

5. Carburizing (Cementation).—Adding carbon to iron-base alloys by heating 
the metal below its melting point in contact with carbonaceous material. 


Notre.—The term “‘carbonizing’”’ used in this sense is undesirable and its use should be 
discouraged. 


6. Case Hardening.—Carburizing and subsequent hardening by suitable heat 
treatment, all or pari of the surface portions of a piece of iron-base alloy. 
Case.—That portion of a carburized iron-base alloy article in which the 

carbon content has been substantially increased. 
Core.—That portion of a carburized iron-base alloy article in which the 
earbon content has not been substantially increased. 


Nors.—The terms “case”? and “core” refer to both case hardening and carburizing. 


7. Cyaniding.—Surface hardening of an iron-base alloy article or portion of 


it by heating at a suitable temperature in contact with a cyanide salt, 
followed by quenching. 









In Erratum: Attention is directed to a printer’s error which occurred 
in Part II of this article as published in November TrANsactions. The last 
line of page 745 should have been the first line of that page. 
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HEATING HIGH SPEED STEEL TO 2400 DEGREES FAHR. 
IN MOLTEN LEAD 


By Wi_pur C. SEARLE 


Abstract 


This paper describes the apparatus and method of 
heating high speed steel to 2300 to 2400 degrees Fahr. 
in molten lead. Photomicrographs show the structure 
obtained in specimens at 2200, 2300 and 2400 degrees 
Fahr. 


INTRODUCTION 


HE use of a lead bath as a means of heating high speed steel 

for hardening is not new. It has been used for a number of 
years by at least two concerns in Worcester. The following paper 
is the first so far as we know to describe the process. 

Character of Work—The work being hardened includes small 
and large pieces, any pieces that will go into the crucible can be 


hardened. Flat cutters, circular formed cutters, reamers, etc., are 
all hardened successfully by this method. It is possible to harden 
part of a flat cutter and have part not hard, also the cutting por- 
tion of a reamer can be hardened and the shank left soft. 


HEATING 


Preheat—The preheating is done usually in an electric oven 
furnace equipped with an automatic control. The control is set 
for 1600 degrees Fahr. 

High Heat—A gas furnace is used for heating the lead which 
is contained in a graphite crucible. The furnace is 22 inches out- 
side diameter. The heating chamber is 12% inches in diameter 
by 11 inches deep and is heated by four burners, two on each side 
coming in on a tangent. The crucible is 9 inches in diameter by 
11 inehes high outside dimensions and sets on three carborundum 
bricks about 114 inches above the bottom of the heating chamber. 

A paper presented before the tenth annual convention of the society, 
held in Philadelphia, October 8 to 12, 1928. The author, W. C. Searle, a 


member of the society, is associated with the Leland-Gifford Co., Worcester, 
Mass. Manuscript received June 22, 1928. 
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The bottom of the chamber slopes to an outlet to carry off the lead 
if a crucible should break. 

The lead is ordinary commercial lead. It is removed from the 
crucible at the end of each heat and poured into molds. At the 
beginning of the heat the lead blocks are placed in the crucible 
and added to as the lead melts until the desired quantity is in the 
erucible. It is then covered with a two-inch layer of ground bone 
to prevent vaporization. 

The temperatures are measured by a base metal couple (iron- 
chromel) and an indicating pyrometer. The readings are checked 
by comparison with another pyrometer up to 1600 degrees Fahr. 
and by means of cones at 1958 degrees Fahr. The fire-end of the 
pyrometer is enclosed in a 44-inch iron pipe with welded end. This, 
in turn, is inserted in a graphite protection tube 134 inches in di- 
ameter. This is placed in the molten bath and allowed to remain 
during the heat. 

The gas is ordinary city gas of 530 B. t. u. per cubic foot. Air 
at about one pound pressure is used, the mixing taking place at 
the burners. The time to bring the bath up to 2300 to 2350 de- 
grees Fahr. is 214 to 3 hours. 900 cubic feet of gas are used and 
about 200 cubic feet per hour thereafter. 


METHOD OF OPERATION 


The pieces are taken from the preheating furnace one at a time 
in a pair of tongs and held in the molten lead for a definite num- 
ber of seconds depending on the size of the piece. The ends of 
the tongs are just above the lead surface. The piece is removed at 
the end of .the immersion period and dropped into a basket in the 
quenching oil. At the end of the heat the pieces are removed from 
the quench, washed in hot washing compound and placed in the 
electric furnace for tempering at 1050 to 1100 degrees Fahr. 


STRUCTURE 


The photomicrographs show the structure obtained at 2200, 
2300 and 2400 degrees Fahr. The sample heated to 2400 degrees 
Fahr. shows the beginning of fusion along the grain boundaries. 
The samples from which the pictures were made were 1% inch 
in diameter by 4 inches long and were immersed in the bath for 
50 seconds. 
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HARDENING HIGH SPEED STEEL 


Fig. 1—Photomicrograph of High Speed Steel, Heated in Lead Bath to 2200 Degrees 


r i i red at 1100 Degrees Fahr. X 500. 
Fekete a High Speed Steel Heated in Lead Bath to 2300 Degrees 


Degrees Fahr. X 500. : 
Fete an bee of High Speed Steel Heated in Lead Bath to 2400 Degrees 


Fahr. Quenched in Oil, Tempered at 1100 Degrees Fahr. X 500. 


CONCLUSION 


This method of high speed steel hardening is simple and very 
satisfactory for moderate production. There is very little danger 
of destroying delicate edges before the tool is heated through. 
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DISCUSSION 


Written Discussion: By M. H. Frommann, Chief Chemist, Reed and 
Prince Mfg. Co., Worcester, Mass. 


Mr. Searles is to be congratulated for bringing out this paper on a subject 
that most authors tell us cannot be done or advise against. They give various 
reasons such as, the lead oxidizes too rapidly, high volatilization with attendant 
fumes which are offensive and poisonous, inability of pots to stand up, ete. 

Heating molten lead to high speed steel hardening heat has many ad- 
vantages over other liquid baths. 

1, The high heat conductivity of lead. 


2 This causes a greater drop in temperature when 





2. Its low specific heat. 
cold work is introduced, but this is offset by the advantage that a cold 
pot can be brought up to heat more quickly and with less fuel. 

Low latent heat of fusion. 

No affinity for water. 

The life of the pots is four to five times longer than with any other 
liquid steel treating bath at high speed heat. 

High speed lead baths have their disadvantages, and the chief one in my 
experience has been the tendency of the lead to stick to the work, especially 
in the fine threads of tools such as chasers, taps, etc. I have seen lead in 
threads that could not be removed by the ordinary method of brushing or pick- 
ing and had to be reheated to high speed heat in another medium before the 
threads were clean. This tendency of the lead to stick in threads sometimes 
materially affects the uniformity of cooling. 




















gr ge 


Written Discussion: By S. C. Spalding, Metallurgist, Haleomb Steel Co., 
Syracuse, N. Y. 


The hardening of high speed steel is always a very pertinent subject. Both 
the manufacturers of and the users of high speed steel welcome any contri- 
bution to the subject. Tools made of high speed steel are usually relatively 
expensive and any method to make their treatment more uniform and safe 
is to be desired. Lead hardening of carbon steels is used because it promotes 
’ uniformity. It is adapted to mass production by less skilled operators, there 

is no scaling and it lends itself to local or selective hardening as portions only 
ean be heated for hardening while other portions of the same part may be left 
soft. Its disadvantages are, less flexibility as due to the mass of the lead, 
temperatures can be changed but slowly, it is a very rapid heating medium and 
unless great skill and care are exercised it will become contaminated or dirty 
and cause deearburization and soft spots. 
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Considering the process described by the author of the paper, it would seem 
that the same advantages and disadvantages as applied to carbon steel harden- 
ing would also apply to high speed hardening. I would think that there might 
be even more risk of decarburization from the lead when operating at such 
high temperatures also due to the fact that the pieces when taken from the 
preheating furnace and introduced into the lead would be coated with an ap- 
preciable amount of iron oxide seale. Another difficulty which, though en- 
eountered in carbon steel hardening, is not so serious, due to the low tempera- 
tures, is pot life. At high speed hardening temperatures of 2350 to 2400 de- 
grees Fahr. we would think it would be very difficult to maintain pots with- 
out frequent burning out. Due to this tendency there exists the inclination 
by the operator to keep the temperatures down to 2200 to 2250 degrees Fahr. 
which will result in unsatisfactory hardening of the steel. 

In conclusion, we wish to congratulate Mr. Searles on bringing out some 
new and interesting ideas on high speed hardening and we wish it understood 
that the questions expressed here are not so much in the spirit of criticism as 
to state some of the questions which have come to our mind in reading the 


paper. 


Written Discussion: By A. H. Kingsbury, Metallurgist, Atha Works, 
Crucible Steel Company of America. 

While I have not had any experience in heating high speed steel in lead, 
it is quite apparent that the process is practicable and undoubtedly produces 
satisfactory results if controlled in the manner described by the author. 

In examining the photomicrographs, it is noted that they represent struc- 
tures of the hardened steel which have been tempered to 1100 degrees Fahr. 
In the absence of definite information as to the length of time and the etch- 
ing reagent used, it is difficult for one who has been examining hardened high 
speed steel structures to draw any definite conclusions from these photos as to 
the effect of the treatment on structure, and make comparisons between the 
lead heating process and those being generally used at the present time. 








A NEW METHOD OF NITROGEN CASE HARDENING 


By G. F. Bason 


Abstract 


This paper reports an investigation of the hardening 
of collector rings on electrical machinery. It is believed 
that this hardening may be due to the ring being bom- 
barded with nitrogen ions thereby nitrogenizing the sur- 
face of the steel. It is suggested that this process be 
more or less closely imitated as a possible means ofevolv- 
ing a practical method of nitriding superior to the pres- 
ent ones. 


N the course of the past summer’s employment with some build- 

ers of electrical machinery, the writer was given the problem 

of investigating some rather annoying trouble that these manu- 

facturers had been experiencing with collector rings. The trouble, 
as described by the service department, was as follows: 

(1) After service of various degrees of duration under oper- 
ating conditions, the rings became hardened in spots and these 
spots caused sparking and pitting of the rings. The spots ap- 
peared to be glass hard and seemed by their shape and by the 
spacing between them to have been transmitted to the rings from 
the brushes when the former were at standstill. When there were 
two brushes to a ring (and there were generally at least two) 
there were two spots found to have developed. The shape of the 
hardened spot was always identical with the shape of the brush 
contact surface, and the distance between the spots was always 
the same as that between the brushes. 

(2) In some cases, several ring replacements had been made 
in succession, and with each replacement the trouble appeared 
again on the new ring, the polarity of which was the same as the 
one replaced. 

(3) Machines having no perceptible vibration as well as 
those that had, were affected. 

(4) Machines with direct-connected exciters and those with 
separately driven exciters were also alike susceptible. 
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The author, G. F. Bason is assistant professor of electrical engineering, 
Cornell University, Ithaca, New York. Manuscript received October 5, 1928. 

































ning 
leved 
bom- 
SUr- 
s be 
vol. 
ores- 


me build. 

problem 
¢ Manu- 
} trouble. 


ler oper. 
1d these 


Dots ap- 
by the 
gs from 


Tre were 
st two) 
| of the 
> brush 


always 
1 made 
peared 

as the 


ell as 


> with 


eering, 
}, 1928. 


NITROGEN CASE HARDENING 933 


(5) High speed steel rings gave the greatest trouble. Next 
in order were iron rings; and bronze rings gave the least. 

In looking for the cause of this trouble, the writer was forced, 
as follows, to the conclusion that the rings had been nitrogen case 
hardened :— 

(1) Vibration, as a cause, is eliminated by part (3) of the 
service department’s report. 

(2) Part (4) eliminates the possibility that a heavy flow 
of current through the rings at standstill produced a pitting that 
looked like hardening. For when a machine with a direct con- 
nected exciter is shut down, the exciting current that is handled 
by the rings is zero when the machines come to standstill; and 
part (1) shows that the spotting was produced at standstill. 

(3) The oceurrence of the trouble on one ring repeatedly 
pointed to some sort of electrolytic action or ionization as a con- 
tributing cause, since the connections were never changed to re- 
verse the current. 

(4) That ionization does occur in the air film of the brush 
contact is evidenced by the fact that the resistance characteristic 
of a brush contact is like that of an are. 

The evidence thus pointed to some chemical or metallurgical 
reaction between the hot brushes and rings, at standstill, follow- 
ing a preparatory electrolytic or ionizing action while the ma- 
chines were running. 

With this in mind, the writer was fortunate enough to ob- 
tain the counsel of a prominent metallurgist, and on presenting 
the above evidence to him, was told that he might look to nitra- 
tion as a possible cause, since effects produced by electronic action 
are produced much faster and at considerably lower temperatures 
than the same effects produced by molecular action alone. He 
considered carburization rather unlikely. 

Research into the limited literature on the subject disclosed 
the following facts about the Fry method of nitration: 

(1) To obtain a Brinell hardness of about 950 at the surface, 
the steel must be kept at 950 degrees Fahr. for 90 hours, (except 
for small work) but nitrogen begins to diffuse into the metal as 
low as 500 degrees Fahr. 

(2) No subsequent heating and quenching is required. 

(3) Special steel must be used for good results, but in mild 
steel (the material used in the collector rings that gave the most 
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trouble) the penetration is rapid, and needles of ferrous or ferric 
nitride form, rendering the surface exceedingly brittle. 

The evidence seems conclusive to the writer, but others will 
ask how it happens. One possibility is as follows: 

While performing its function, one of the revolving rings 
is continually being bombarded with nitrogen ions; but the heat 
generated in the air film of the contact is rapidly carried away, 
and, furthermore, while some hardening results, it is uniformly 
distributed around the ring. When the ring comes to rest, the 
area under the brush retains its heat longer than does the re- 
mainder of the ring, because carbon (the brush material) has 
a lower coefficient of heat conductivity than does iron or steel, 
so that most of the heat under the brush has to flow from that spot 
to the exposed portions of the rings. 

Thus, when on occasion the ring temperature happens to be 
at the critical value at this spot, the above mentioned nitride 
needles form, rendering this spot a poor conductor, and from 
then on sparking produces the visible pitting observed. 

The thought at once suggests itself that by finding means for 
duplicating and controlling the process evidenced by the forma- 
tion of these spots, engineers would evolve a method of nitration 
superior to the Fry method because it would be faster. 

The first means to be thought of would imitate more or less 
closely the process by which collector rings are accidentally hard- 
ened by setting up an electric circuit composed of the steel as 
one electrode and a granular conductor surrounding the portion to 
be hardened, as the other electrode, and setting up an electron 
flow from the granular electrode to the steel. 

By properly proportioning the volumes of steel and nega- 
tive electrode, the proper heat and amount of nitrogen bombard- 
ment could be maintained. 

A still closer imitation of the conditions investigated might 
be more effective. Such an imitation might consist of means for 
producing such a motion of the piece to be hardened as will 
move the surfaces, upon which the hardening is desired, past 
electrodes which are bearing upon or close to these surfaces, means 
for providing an electron flow, through an air or nitrogen at- 
mosphere, from the electrodes to the surfaces, and means for main- 
taining the surfaces at any required temperature. 
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TENTATIVE RECOMMENDED PRACTICE FOR THE HEAT 
TREATMENT OF ALLOY STEEL CASTINGS* 


General—This recommended practice covers the process to be followed 
for the heat treatment of alloy steel castings and applies generally to commer- 
cial alloys castings for ordinary construction purposes and not for special use. 

Chemical Composition—The chemical compositions of the steel considered 
in this recommended practice are given in Table I. 


COOLING AND CLEANING OF CASTINGS 


Alloy castings should be cooled in the molds to a temperature below the 
critical range, but as the brittleness increases with the decrease of temperature 
they should be shaken out preferably as soon as they become black and cleaned 
while they are still warm. 

Cleaning should be performed rapidly so that the castings can be placed 
in the annealing furnace while still as hot as possible, but the cleaning must 
be sufficient to insure a thorough and complete penetration of heat during 
the heat treating operations. 

Before heat treating, flame cutting of gates and risers is somewhat 
dangerous unless the castings are hot. If the risers or gates are broken instead 
of cut, the operation should be performed while the castings are warm, other- 
wise stresses are set up and minute cracks are developed which show up 
in the quenching operation. When castings are placed in the furnace, the 
temperature of the latter should preferably be the same as the castings. 


HeAT TREATMENTS OF ALLOY CASTINGS 


Heat treatments may be classified as follows: 


Normalizing 
Annealing 
Quenching 
Tempering 


The heat treatments to be used depend upon the chemical composition 
of the castings and the physical properties desired. Quenching and tempering 
treatments develop maximum properties. Intermediate properties may be 
secured by normalizing and tempering. Full annealing produces only a nominal 
increase in physical properties, not consistent with the cost of the alloys. 


*This is a Tentative Recommended Practice and will remain tentative for at least one 
year, until adopted by the Board of Directors and the Recommended Practice Committee of 
the <5 8S. T. This practice is not intended for a specification and should not be interpreted 
as such, 
aie The membership of the Sub-committee on the Heat Treatment of Steel Castings is as 
ollows: 

A. N. Conarroe, chairman A. M. Johnson 
A. W. Lorenz Dr. A. E. White 
Fred Grotts L. W. Spring 

A. T. Baumer 


Criticisms of this tentative practice are solicited and should be directed to J. E. 
Donnellan, Secretary of the committee, 7016 Euclid Ave., Cleveland, 
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Table I 
Approximate Chemical Compositions* 


z 
z 
3 Type of 
im «éStteeell Cc Mn Si Cr Ni Mo V 
ee eS TU Ck ccc s eeeseesee: eeoveeses 0.15-0.2 
2 eee ee: GL Sielvenans. sseedbaees covvcoucds 0.15-0. 2 
3 a rr, Ce ata vance se WGweGhbs weeeeeeee 0.15—0.2 q 
© GOr  Oietiee COR-7.00. O.20-G.G0 0.801.190 onic cece ceed. cecesens, j 
5 0.35-0.45 0. se rr nn Cee ek th 666 06 gee (eee ee. 
6 ee | eee ei ae eer 4 
7 Cr-V 0,.25-0.35 0.60-0.90 0.20-0.60 0.80-1.10 ......... weseeeees 0.15-0.20 
8 0.35-0.45 0.60-0.90 0.20-0.60 0.80-1.10 ........2 cacveceess 0.15-—0.20 
9 0.45-0.55 0.60-0.90 0.20-0.60 0.80-1.10 ......... cesseeeee 0.15-0.20 
10 Or-Ni 0.25-0.35 0.60-0.90 0.20-0.66 0.50-0.90 1.25-1.75 ......55. 0 ceceeeen, 
il 0.35-0.45 0.60-0.90 0.20-0.60 0.50-0.90 1.25-1.75 .......2. weeeeee, 
12 0.45-0.55 0.60-0.90 0.20-0.60 0.50-0.90 1.25-1.75 ......... eeeee, 
138 Cr-Mo 0.25-0.35 0.60-0.90 0.20-0.60 0.70-1.00 ......... uM eens... 
14 0.35-0.45 0.60—-0.90 0.20-0.60 0.70-1.00 ......... eM Kseccce. 
lo 0.45-0.55 0.60-0.90 0.20-0.60 0.70-1.00 ......... 0.26-0.85 ......... 
16 Mn ee Se | cit ee ces usw etebbas 60 bese 6 weeceess 
17 nt nee Cee - wcb bac ibis a ebeeeS we  eseesace ececcess 
18 rr rr caer ace mee RR GRe Levee ebnee. eeecececs 
19 0.35-0.45 1.50-1.75 0.20-0.50 


eeeeeeeee eee eeeeee CHEE HHH HEE 


*Maximum sulphur: 0.060 per cent. Maximum Phosphorus: 0.050 per cent. 
10.20 to 0.30 per cent silicon preferred. 


In general, it should be employed only to increase the machinability of the 
steel, or for other special purposes. 


NORMALIZING 






The purpose of normalizing is to relieve cooling strains, refine the cast 
structure and to produce as high physical properties as are possible without 
liquid quenching. To accomplish this purpose, castings are placed in the 
furnace, preferably while they are still warm, as noted above, and heated 
slowly and uniformly to the normalizing temperatures as given in Table II, | 
after which they should be allowed to cool uniformly and as rapidly as possible 
in still air. (Air blast is not usually considered acceptable.) 

Castings should be held at temperatures approximately one hour for each 
inch of thickest cross section. Manganese steels, numbers 16 to 19, require 
a longer period of heating. 

After normalizing the castings should be further heat treated by temper- 
ing, or by quenching and tempering as described later in this practice. 










Fut ANNEALING 






Although full annealing of alloy steel castings is not generally recom- 
mended, it is sometimes necessary where machinability is desired, but the 
castings if full annealed should be further heat treated after machining 
to bring out the available physical qualities. 
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Table II 
Normali_ing Treatments 





Steel Nos. Temperature Degrees Fahr. Cool in 
i, 8,.3, 34, 1600-1700 Air 
17, 18, 19 
4to15 1600-1800 . Air 





When the castings have had no preliminary treatment, they may be full 


annealed at the normalizing temperatures as given in Table II, followed by 


furnace cooling. 


If the steel has been previously normalized it may be annealed at lower 


temperatures as given in Table III, holding at temperature a sufficient time 





Table IIT 
Annealing Temperatures for Alloy Castings 





Steel Nos. as listed in Table I Temperature Degrees Fahr. Cool in 
3, ‘3, Se oe 1500-1600 Furnace 
17, 18, 19 
4 to 15 1550-1650 Furnace 


to insure thorough soaking, the rate of cooling being regulated to give the 
desired machining qualities. 


QUENCHING 


Quenching should be employed where maximum physical properties are 
necessary. 

After properly normalizing or annealing the castings should be heated 
slowly and uniformly to the quenching temperature as given in Table IV. 
They should be held at temperature for at least 30 minutes per inch of section 
before quenching. 

When water is used as the quenching medium, the temperature of the 
water should preferably be maintained at 125 to 150 degrees Fahr., especially 
for the higher carbon contents. 

When the size and design of the castings are such that quenching 
might cause cracking if kept in the water or oil until cold, the castings 
should be removed from the quenching bath while still hot enough to dry 
the water quickly or in case of oil, the castings should be hot enough to 
cause the oil to smoke freely on the surface of the castings. 


TEMPERING 


As soon as possible after normalizing or quenching, castings should 
receive a tempering treatment. The temperature of the furnace receiving 
the charge should be approximately the same as that of the castings. 

The purpose of tempering is to relieve the strains and brittleness caused 
by quenching or normalizing and to moderate the hardness, i. e., to toughen 
the material. The temperature to be used depends upon the hardness and 
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Table IV 
Quenching and Tempering Temperature for Alloy Castings 






























1575-1650 Water ( Air or Furnace® 
14 1525-1575 oil 1300 Air or Furnace*® 
15 1500-1525 oil 1300 Furnace? 
16 Mn 1600-1650 Water 1250 Air or Furnace 
17 1600-1650 Water 1250 Air or Furnace 
18 1550-1600 Water 1250 Air or Furnace 
19 1550-1600 Water 1250 Air or Furnace 













1Air quenching is often made use of in the hardening of alloy steel castings 
design which would be likely to crack in the more drastic water or oil quench. 

"The shock resistance is sometimes improved by oil quenching from the 
temperature. 
8A long soak is required at the tempering temperature. 


of intricate 


tempering 





























physical properties desired. Usually the higher the tempering temperature, 
up to the critical range, the softer and more ductile the steel. For maximum 
hardness and strength, a tempering temperature only sufficient to relieve 
strains is used. The maximum tempering temperatures recommended are 
given in Table IV. 

Tempering is more nearly a function of temperature than time, and 
except in special cases, the time the material is held at the tempering tempera- 


ture is just sufficient to insure a complete equalization of the heat throughout 
the heaviest section. 


UsEs 





Carbon-vanadium castings are generally used where ‘toughness is the 
governing factor, such as for locomotive frames, gear blanks, and castings 
subjected to sudden shocks. 

Carbon-chromium castings have a special application for wearing parts 
where toughness is not essential, for example: dies, stamps, and crusher jaws. 

The other steels listed possess desirable combinations of hardness, 
strength, and toughness not obtainable with carbon cast steel. These cast- 
ings are used for such articles as heavy duty gears and pinions, car wheels, 
shovel teeth, racks, chain, valves and fittings, caterpillar treads, etc. 

Due to their higher physical properties it is possible to obtain greater 
strength for a given cross section than with carbon steel castings. These 





Es 









Steel Nos. Maximum be 

as listed Type of Quenching Tempering Temp. 

in TableI Steel Temperatures Quenching Medium? Deg. Fahr. Cool in 
1 0-V 1550-1600 Water or Oil 1300 Air or Furnace 
2 1500-1550 Water or Oil 1300 Air or Furnacs 
3 1475-1500 Water or Oil 1300 Furnace 
4 C-Cr 1575-1650 Water or Oil 1275 Air or Furnac 
5 1525-1575 Water or Oil 1275 Air or Furnac 
6 1500-1525 Water or Oil 1275 Furnace 
7 Cr-V 1575-1650 Water or Oil 1275 Air or Furance 
s 1525-1575 Water or Oil 1275 Air or Furna: 
9 1500-1525 Water or Oil 1275 Furnace 
10 Cr-Ni 1515-1550 Water or Oil 1250 Air or Furnace’ 
11 1490-1515 Water or Oil 1250 Air or Furnace? 
12 1475-1490 Water or Oil 1250 Furnace? 
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alloys, therefore, find particular application where reduction of weight is 
important, and where high stresses are encountered. 


Notes ABOUT THE PROCESS 


Castings should be charged into the furnace in such a manner that lighter 
castings will be protected from the heat of the furnace by the heavier castings. 
Should the castings be of similar section, care must be exercised so as not to 
overheat those on the outside of the charge before the inner ones have reached 
the annealing temperature. 

When charging the furnace, the castings should be piled loosely so that 
the hot gases will have free circulation throughout the charge. To further 
insure free circulation of the gases, it is advisable to pile the castings loosely 
on the perforated racks or other suitable fixtures which elevate the castings 
a few inches above the floor of the furnace and so permit free circulation 
of the hot gases. When cooling from the normalizing temperature, this 
practice of piling the castings on racks also insures free circulation of the 
air, promoting more rapid and uniform cooling. 

Sufficient number of thermocouples should be used and so arranged in 
the furnace and if possible in the.charge of castings that the desired tempera- 
ture can be maintained at the top, center, bottom and sides of the charge. 

Steel castings should be grouped for heat treatment so that the carbon 
content of the entire charge falls within one of the carbon ranges given in 
the recommended practice. Castings of intricate design, or where a heavy 
and light section are adjacent, should not be quenched, however, when neces- 
sary, utmost care should be exercised. 

Alloy steel castings, in most cases, will harden appreciably if heated 
above the critical range and allowed’ to cool in the air, therefore, they should 
always be tempered after normalizing. 

When the enumerated methods of annealing are not satisfactory, alloy 
castings may sometimes be appreciably softened by heating within the critical 
range and holding for a considerable length of time. 

The physical properties obtained by heat treating alloy castings are 
destroyed by the local application of heat such as in welding or straightening. 
These operations produce dangerous local disturbances of grain structure, 
hardness, and excessive strains. Castings should, therefore, be retreated after 
such practice. 

The rate of cooling in the normalizing practice is merely relative 
depending upon the size of the furnace and the size of charge. The smaller 
the load, the more drastic the cooling, and, therefore, the higher the physical 
strength and the lower the ductility. 

It is commercial practice to use test specimens cut from a separately 
cast block or from test coupons attached to the casting as a basis for deter- 
mining the physical properties of the castings. Test pieces or test coupons 
should be heat treated with the castings which they represent. 
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Arrangements have been made with The American Society of Mechanica] 
Engineers wae the American Society for Steel Treating will be furnished each 
week with a specially prepared section of The Engineering Index Service. It is to 
include items descriptive of articles appearing in the current issues of the world’s 
engineering and scientific press of particular interest to members of the American 
Society for Steel Treating. These items will be selected from the Weekly Card 
Index Service of the Index published by the A. S. M. E, 

In the preparation of the Index by the staff of the A. 8. M. E, some 1,700 
domestic and foreign technical publications received by the Engineering Societies 
Library (New York) are regularly searched for articles giving the results of the 
world’s most recent engineering and scientific research, thought, and experience. 
From this wealth of material the A. 8. 8. T. will be supplied with a selective index 
to those articles which deal particularly with steel treating and related subjects. 

Photostatic copies (white a on a black background) of any of the 
articles listed may be secured through the A. 8. 8. T. The price of each print, 
up to 11 by 14 inches in size, is 25 cents. Remittances should accompany orders. 
A separate print is required for each page of the larger periodicals, but whenever 
possible two pages will be photographed together on the same print. When ordering 
prints, identify the article by quoting from the Index item: (1) Title of article; 


(2) name of 


periodical in which it appeared ; 


(3) volume, number, and date of 


publication of periodical; and (4) page numbers. 


AIRPLANES 

MANUFACTURE (WESTLAND). Notable 
Establishments. Machy. Market (Lond.), no. 
1441, June 15, 1928, pp. 545-548, 13 figs. 

Description of Westland works of Petters, 
Ltd. and their methods of manufacturing oil 
engines and aircraft; types and sizes of 
Petter oil engines; line production; erec- 
tion methods; power house which provides 
electric power to whole works; production 
of Widgeon and Wapiti airplanes with 
details of planes themselves. 

METAL. Uses of Metal Grow in Canadian 
Aeroplane Plant. Can. Machy. (Toronto), 
vol. 89, no. 18, June 28, 1928, pp. 87-88, 
2 figs. 

Designers are turning more and more 
towards metal construction; metal construc- 
tion, however, offers many difficulties; large 
use of dies; rust prevention; ordinary acid- 
bath methods of rust prevention quite un- 
suitable for airplane manufacture; metal 
construction calls for welded joints. 


ALLOYS 


EUTECTIC. Work-Softening of Eutectic 
Alloys, F. Hargreaves and R. J. Hills. Inst. 
of Metals—Advance Paper (Lond.), no. 474, 
for mtg. Sept. 4-7, 1928, 14 pp., 11 figs. 

Previous work is reviewed, and micro- 
graphic changes which take place on working 
and annealing lead-tin eutectic are described ; 
results of ball-hardness tests on other lead- 
tin alloys and with those on sample of 
worked recrystallized eutectic alloy; density 
determinations; experiments on cadmium- 
zinc eutectic; mechanism of working and 
of annealing is discussed and partial theory 
offered; softening is due to presence of two 
phases and is not peculiarly of eutectic 
structure. Bibliography. 


HEAT RESISTING. Heat-Resisting Al- 


loys, T. H. Turner. Am. Metal Market, vo] 
35, no. 155, Aug. 14, 1928, pp. 17-20, and 
22-23. 

Considerations of alloys used 
industrial purposes such as in steam en 
gineering furnace work, electric machinery, 
internal-combustion engines, guns and rifles, 
hot forging dies and chemical engineering 


REACTIVE. Methods for the Thermal and 
Microscopic Investigation of Alloys of Re. 
active Metals, W. Hume-Rothery. J/nst. of 
Metals—Advance Paper (Lond.), no. 478, for 
mtg., Sept. 4-7, 1928, 16 pp., 9 figs. 

Methods suitable for thermal and micro 
scopical investigations are described and crit- 
icized; discusses justification for method, in- 
troduced by early German workers, in which 
composition of phase is deduced from dura 
tion of arrests on cooling curves; method 
is sound, but in case of peritectic reactions, 
or where solid solutions are present, it is 
unsound at all except very high tempera 
tures. 


for specific 


ALLOY STEEL CASTINGS 


General Characteristics of Alloy Steel Cast- 
ings. J. W. Frank. Am. Metal Market, vol. 
85, no. 155, Aug. 14, 1928, pp. 14-16. 

Paper presented before Am. Foundrymen’s 
Assn., previously indexed. 


ALUMINUM 


METALLURGY. Metallurgy of Aluminum 
(Lo stato attuale della metallurgia dell’ 
alluminio), V. Ferreri. IJngegnere (Milan, 
Ttaly), vol. 11, no. 2, Feb. 1928, pp. 
76-81, 2 figs. 

General survey of at state of alu- 
minum industry, consisting of summarized 
account of various methods of extraction 
and purification and indication of lines 
along which progress is being made. 


Those merabers who are making a practice of or items for filing in their own filing 


system may obtain extra copies of the Engineering 


ndex pages tis by addressing their 
} be So 


request to the society headquarters, whereby their names wi placed on a mailing list to 


receive extra copies regularly, 
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SHEET—PROPERTIES. Aluminum Sheet 
Grades and Tempers, R. J. Anderson. Am, 
Vetal Market, vol. 35, no. 155, Aug. 14, 
1928, pp. 3-9, 4 figs. s 

Principal products of aluminum-sheet roll- 
ing mills; how industrial requirements are 
met by various tempers; mechanical proper- 
ties as tensile strength, elongation, hardness, 
bending and cupping tests ; commercial sizes, 
grades, and tolerances ; applications of dif- 
ferent grades and tempers. 


ALUMINUM ALLOYS 


Lightness and Strength Combined in New 
Aluminum Alloy. Automotive Industries, 
vol, 59, no. 8, Aug. 25, 1928, pp. 266-267. 

“Hyb-lum” marketed by Sheet Aluminum 
Corp., Jackson, Mich., as non-tarnishing and 
non-corrodible and is stable after heat treat- 
ment even at elevated temperatures; sup- 
plied in four grades; physical properties of 
each grade are given. 


Aluminum Alloys, Z Jeffries. Mech. Eng., 
vol. 50, no. 9, Sept. 1928, pp. 684-686, 2 
figs. 

Notes on pure aluminum; aluminum cast- 
ing alloys; aluminum silicon alloys; im- 
provement of mechanical properties by heat 
treatment; die-cast and permanent-mold al- 
loys; strong aluminum alloys and their ap- 
plications. Abstract of address read before 
meeting of Cleveland section of Am. Soc. 
Mech. Engrs. 


New Aluminum Alloy. Brass World, vol. 
24, no. 8, Aug. 1928, pp. 251-252. 

Sheet Aluminum Corp. of Jackson, Mich., 
has recently placed on market aluminum al- 
loy said to be fundamentally new in composi- 
tion and in application to wide variety of 
products, for many of which aluminum has 
never before been practicable; it is claimed 
that it combines lightness and strength to 
greater degree than any other workable prod- 
uct of its kind ever developed on commer- 
cial basis; known by registered name of 
Hyb-Lum, and protected under U. 8S. Patent 
No. 1,579,481, 


CHLORINE TREATMENT. Note on the 
Treatment of Aluminium and Aluminium Al- 
loys With Chlorine, D. R. Tullis. Jnst. of 
Metals—Advance Paper (Lond.), no. 480, for 
mtg. Sept. 4-7, 1928, 8 pp. 

Most aluminum alloys contain dissolved 
gases; methods for their removal are de- 
scribed as follows: slow solidification, inert- 
gas, and active-gas methods; experiments are 
described in which chlorine gas is used as 
means of remixing dissolved gases; theory 
is advanced to account for presence of gases 
in metals; effects of chlorine gas on alloys 
which are known to extrude metal while 
cooling, and alloys which are known to dis- 


integrate after long or short periods of 
storage, 


FITS. How Temperature Affects Fits in 
Aluminum Alloys. Am. Mach., vol. 69, no. 
8, Aug. 23, 1928, p. 3811. 

Builders of automobile engines have ex- 
perienced difficulty with fit of rods on crank- 
pins in extremes of temperature; customary 
to allow little more rod clearance in winter 
than in summer; additional clearance of 
0.0004 in. is allowed for new engines that 
go into service in winter months; experi- 
ments with steel reinforced and alloy caps; 
Franklin and Hupp practice. 


RESEARCH. Contribution to Study of 
Dissolution of Aluminum and its Alloys in 
Acids (Contribution A l'étude de la dissolu- 
tion de l’aluminium et de ses alliages dans 
les acides), X. Waché. Revue de Métallurgie 
(Paris), vol. 25, no, 6, June 1928, pp. 331- 
346, 13 figs. 

Dissolution of aluminum .in_ hydrochloric 
acid; influence of rapidity of solidification of 
aluminum on speed of dissolution; influence 
of annealing; rolled aluminum; cast alumi- 
num; speed of dissolution after hammering. 

STRUCTURE, The Constitution of the Al- 
loys of Aluminum with Copper, Silicon, and 
Iron, A. G. C. Gwyer, H. W. L. Phillips, 
and L. Mann. Inst. of Metals—Advance 
Paper (Lond.), no. 468, for mtg. Sept. 4-7, 
1928, 52 pp., 49 figs. 

After brief summary of recent work on 
binary alloys of aluminum with copper, sili- 
con, and iron, constitution and structure of 
part of ternary systems aluminum-copper- 
silicon and aluminum-copper-iron are con- 
sidered; structure and constitution of cer- 
tain of quaternary alloys of aluminum with 
copper, iron, and silicon are also considered ; 
deals exclusively with metastable conditions, 


TESTING. Fatigue of Castings of Light 
Aluminum Alloys Subjected to Repeatedly 
Reversed Stresses, 8S. S. Nekryty and I. I. 
Bokov. Vestnik Inginieurov (Moscow), nos. 
5 and 6, May and June 1928, pp. 245-251 
and 283-289, 17 figs. 

Report on elaborate series of static ard 
dynamic tension and compression tests of 
copper-aluminum alloys, made at Kiev In- 
stitute of Technology to establish existence 
of fatigue or endurance limit for such alloys; 
description of special apparatus and methods 
designed in Russion; found Sankey and Stroh- 
meyer methods inapplicable. 


WELDING. Spot Welding of Aluminum 
and Its Alloys, W. M. Dunlap. Aviation, 
vol. 25, no. 9, Aug. 25, 1928, pp. 590-591 
and 618-626, 10 figs. 

Recommendations for spot welding as de- 
veloped in laboratories of Aluminum Co. of 
America; machines with automatic timers 
best; size and shape of electrode tip im- 
portant; copper tips chromium plated; set- 
ting up machine; strength of joints depends 
on number of spots; range of thickness that 
can be pot welded varies with capacity of 
machine. 


ALUMINUM ALLOY CASTINGS 


Aluminum Alloys and Casting. Automo- 
bile Engr. (Lond.), vol. 18, no. 244, Aug. 
1928, pp. 287-288. 

Characteristics of modern alloys, with notes 
on present British practice; selecting casting 
process; applications and foundry properties 
of aluminum alloys; treatment to which al- 
loy L24 castings are subjected before use; 
modified silicon-aluminum alloys gaining 
favor both in America and England; factors 
causing pinholes; use of remelt scrap in 
ingot form very risky. 

HIGH TEMPERATURE EFFECTS. Me- 
chanical Properties of Aluminum Casting Al- 
loys at Elevated Temperatures, R. L. Tem- 
plin, C. Graglio and K. Marsh. TJron and 
Steel (A.S.M.E. Trans.), vol. 50, no. 16, May- 
Aug. 1928, pp. 25-36 and (discussion) 36-37, 
28 figs. 

Tensile results obtained from “short-time” 
high-temperature test of ten different alumi- 
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num casting alloys and very pure cast al- 
uminum, and for various heat treatments; 
all specimens tested were sand cast; tensile 
strength, yield point, elongation in 2 in., re- 
duction in area, and Young’s modulus values 
are given for various temperatures throughout 
range 75-800 deg. fahr.; describes method 
of measuring specimen temperatures during 
tensile tests. 


AUTOMOBILES 


FRONT AXLES—MANUFACTURE. How 
Ford Makes Front Axles, F. L. Faurote. Jron 
Age, vol. 122, no. 8, Aug. 23, 1928, pp. 457- 
460, 7 figs. 

Method of forging and forming Ford front 
axles is outlined; after cutting to length, 
40-in. forging machine is used to upset and 
bend each end, and 5000-lb. hammer and 
press are employed for blacking, finishing, 
and trimming; bench inspection follows, 
after which parts are heated in central 
section and bent and stretched to proper 
length in special press. 

WELDING. Welding in the Ford Indus- 
tries, M. L. Eckman. Welding Jl. (Lond.), 
vol. 25, no. 298, July 1928, pp. 212-214, 5 
figs. 

Muffler assembly is ideal example of 
punch-press welding form of production as- 
sembly; wheels; battery-support assembly ; 
steering gear, etc.; fan assembly; door and 
frames; fuel tank; equipment. Paper be- 
fore Am. Welding Soc. 


AUTOMOTIVE ENGINES 


CRANKSHAFTS—STIFFNESS CALCULA- 
TION. Crankshaft Torsional Stiffness Sub- 
ject of Analysis, B. C. Carter. Automotive 
Industries, vol 59, no. 8, Aug. 25, 1928, pp. 
270-271, 1 fig: 

Test data used by author gathered from 
15 different crankshafts as used in aircraft, 
marine and automobile engines; latter de- 
flected mainly by crank arms. From Fn- 
gineering, July 13, 1928. 


CYLINDERS—CHROMIUM STEEL. Nitrat- 
ed Chrome Steel Cylinders, L. Guillet. 
Foundry Trade Jl (Lond.), vol 38, no. 611, 
May 8, 1928, p. 814. 

According to experiments, employment of 
nitrated steel for cylinders gives results never 
before attained; steel has hardness that 
produces unequalled durability and resistance ; 
exhaustive tests showed virtually no wear in 
pistons, whether of cast steel or aluminum 
alloy; necessity for lubrication was diminish- 
ed. Brief abstract of paper presented to 
Académie des Sciences. 


AUTOMOBILE PARTS 


MANUFACTURE. Unbreakable Automo- 
bile Components, J. W. Urquhart. Machy. 
(Lond.), vol. 32, no. 826, Aug. 9, 1928, pp. 
599-602, 2 figs. 

Major causes of failure in parts of gear 
box, crankshaft, or steering transmission gear 
are outlined with explanation of how manu- 
facturers are succeeding in averting most of 
them; forging and heat treatment of gear 
blanks and crankshafts; spray quenching; 
influence of grain, flow and fiber resistance. 


AUTOMOBILE PLANTS 


ELECTRIC FURNACES, HEAT TREATING. 
Dodge Electrifies Heat Treatment. Jron Age, 











December 


vol. 122, no. 7, Aug. 16, 1928, pp. 389 
5 figs. 

Detail of electric heat-treating furnaces 
used in plan of Dodge Brothers, Inc.;: two 
separate heat-treating departments, one for 
finished machine parts and one for forging: 
over 60 furnaces drawing total current of 11. 
400 kw.; unique charging devices; one bat 
tery handles 450,000 Ib. of rough forgings 
daily; hearth floor consists of three a)]oy 
plates locked at one end and alloy ste] 
wall 10 in. high; heat is transmitted 
through alloy bottom. 


HEAT TREATING DEPARTMENT.—Mod. 
ernized Equipment for Heat Treating, F. W. 
Manker. Heat Treating and Forging, vol. 14, 
no. 4, Apr. 1928, pp. 386-387, 3 figs. 

Mechanization in handling pieces in process 
of heat treating in forge and treating depart. 
ments of Willys-Overland Co.; hardening 
miscellaneous parts; annealing after drop 
forging. 


LABORATORIES (CADILLAC). “Crafts 
manship a Creed—Accuracy a Law,” L. A. 
Danse. Mfg. Industries, vol. 15, nos. 3 and 4, 
Mar. and Apr. 1928, pp. 207-210 and 283-284, 
8 figs. 

This is motto of Cadillac Co.; details of 
work on which high-class car and growing 
market are based; plant laboratory which 
tests materials and processes at every import 
ant stage of operations ; five sections of 
chemical division in inspection and research 
laboratory handle extensive metallurgical in- 
vestigations and tests, and carry on miscel 
laneous work; sixth section deals entirelj 
with oil, grease and gasoline. 
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BEARING, BALL 


MANUFACTURE. The Manufacture of Rall 
Bearings (La fabricacion de cojinetes de 
bolas), A. Lafont. Ingenieria y Construc- 
tion (Madrid), vol. 6, no. 67, July 1928, pp. 
353-361, 24 figs. 

Author inspected S.K.F. factory in Ber- 
lin ; description of machinery and some (e- 
tails of successive steps in manufacture; no 
factory in Spain for ball bearings ; - 3 gen 
eral use of such bearing in France, Fugland, 
Germany, and North America; co ates 
establishment of industry in Spain, em 
phasizing desirablility as preparation for 
national defense. 


BEARING METALS 


BRONZE—TESTING. Wearing and Me- 
chanical Tests on Bearing Bronzes, H. J 
French. Rolling Mill Jl. (formerly Iron and 
Steel World), vol. 2, no. 8, Aug. 1928, pp. 
417-418. 

Abstract of paper presented before Am. 
Soe. Testing Matls., previously indexed. 


RESEARCH. Bearing Metals, E. C. Wad- 
low. Automobile Engr. (Lond.), vol. 18, 
no, 242, June 1928, pp. 221-225, 16 figs. 

Prastical investigation of load-carrying 
pro — of bearing metals; research 
deali with materials and lubricants as 
they ae obtained commercially; tests to 
obtain information regarding suitability of 
cold-drawn and extruded tubes for plain 
journal bearings; microstructure and general 
performance; correlation of bearing factors 
with chemical and physical properties. 


TESTING. Wear and Mechanical Tests 
of Some Railroad Bearing Bronzes, H. J. 
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French. .Am, Soe, Testing Matls.—-Preprint, 
no. 34, for mtg. June 25, 1928, 28 pp., 
18 figs. 

Copper-tin-lead alloys, both chill-cast and 
sand-east, were tested under friction, without 
lubrication at varying temperatures; gener- 
ally, chill-cast bronzes ‘were less resistant 
to wear and notched-bar impact than sand- 
cast bronzes, but more resistant to pound- 
ing and tension; increase in lead, particu- 
larly in range 0.25 to 10 per cent, im- 
proved wearing properties but lowered re- 
sistance to pounding impact, and tension; 
increase in tin improved all properties, 

TIN BASE. A Study of Tin-Base Bear- 
ing Metals, O. W. Ellis and G. B. Karelitz. 
Metal Industry (Lond.), vol. 33, nos. 6 and 
7, Aug. 10 and 17, 1928, pp. 132-134 and 
156-158 and 162. 

Abstract of paper read before Am. Soc. 
Mech. Engrs., previously indexed. 


BERYLLIUM 


Beryllium: A Survey, A. ©. Vivion. Min. 
Mag. (Lond.), vol. 38, no. 4, Apr. 1928, pp. 
220-222. 

Beryllium has some unique properties; con- 
tinuous-furnace process yields cathode beryl- 
lium (99.8 per cent); much lighter than 
aluminum and practically as light as magne- 
sium, while its hardness and probably its 
resistance to corrosion are superior to either ; 
has high melting point of 1280 degrees Cent. ; 
many uses; it is obtained from crude beryl 
containing but 4 to 5 per cent of metal by 
weight; development of applications for 
beryllium is in its earliest stages. 


PROPERTIES. Thermal Expansion of 
Beryllium and Aluminium-Beryllium Alloys, 
P. Hidnert and W. T. Sweeney. Metal In- 
dustry (Lond.), vol. 82, nos. 16 and 17, 
Apr. 20 and 27, 1928, pp. 397-400 and 423- 
424, 10 figs. 

Investigation undertaken by Bureau of 
Standards gives results on linear thermal ex- 
pansion of beryllium (98.9 per cent) and 
five aluminum-beryllium alloys containing 
various percentages of beryllium (4 to 33 
per cent.) 


BRASS 


ANNEALING. Critical Temperatures in the 
Annealing of Brass, F. Osterman. Fuels and 
Furnaces, vol. 6, no. 4, Apr. 1928, pp. 517- 
519, 4 figs. 

Annealing of brass wire within temperature 
range where alloy is in neighborhood of border 
line between alpha and alpha-plus-beta field 
often results in decrease in both ultimate 
tensile strength and ductility. 


BRASS FOUNDRIES 


FURNACE REFRACTORIES. Refractories 
for Brass Foundry Furnaces, H. M. St. John. 
Am, Foundrymen’s Assn.—Reprint, no. 28-28, 
for mtg. May 14, 1928, pp. 489-452, 4 figs. 

Supplements previous report by committee 
on Non-Ferrous Survey, subcommittee of Joint 
Committee on Foundry Refractories; clas- 
sifles various types of brass foundry furnaces 
and discusses refractory experiences with 
each; indicates relative importance of refrac- 
tory requirements in different furnaces and 
shows progress which is being made in meet- 
ing these requirements; emphasis is placed 
on desirability of improving average results 


to point where they more nearly approach 
best practice. 


BRIDGES 


ARC WELDING RAILROAD. Members 
Welded Into “One-Piece” Bridge. Constr. 
Methods, vol. 10, no. 7, July 1928, pp. 
16-17, 7 figs. 

Single-track bridge, 180 ft. long, which 
carries Boston and Maine Railroad over 
power canal at Chicopee Falls, Mass.; steel 
tonnage saving 383 per cent; outstanding 
advantage secured by use of are welding; 
bridge was designed exclusively for arc 
welding details. 


BRONZE 


HARDNESS’ TESTING. The Hardness 
Value for Standard Tin Bronzes, Red Brass 
Alloys, and Lead-Tin Bronzes in Cast State 
(Zar Kenntnis der Haertwerte der genorm- 
ten Zinn-Bronzen, Rotguss-Legierungen und 
Blei-Zinn-Bronzen in gegossenem JZustande), 
W. Claus, H. Goeke and F. Goederitz. Gies- 
serei (Duesseldorf), vol. 15, no, 81, Aug. 3, 
1928, pp. 763-772, 19 figs. 

Results of Brinell hardness testing; test- 
ing regulations for different alloys. 


BRONZE, ANCIENT 


METALLURGY. Contribution to the Metal- 
lurgical Study of Ancient Bronzes (Contribu- 
tion A l'étude métallurgique des bronzes an- 
tiques), Butescu. Annales des Mines (Paris), 
vol. 18, no. 3, Mar. 1928, pp. 177-191. 

Old bronze implements found in Roumania 
were examined metallographically and their 
composition determined chemically. 


BRONZE FOUNDING 


Recent Developments in the Technique of 
Bronze Founding (Récent développements 
dans lq technique de la fonderie de bronze), 
F. W. Rowe. Fonderie Moderne (Paris), 
vol. 22, Apr. 10, 1928, pp. 131-135 and (dis- 
cussion) 135-136. 

Reverberatory furnaces reduce fusion costs; 
molding by centrifugal methods; new improve- 
ments; aluminum bronze. 


CADMIUM PLATING 


Cadmium Plating Finds Increasing Favor. 
Eng. and Min, Jl., vol. 125, no. 25, June 
23, 1928, p. 1015. 

Growing demand for cadmium in plating 
industry is reported by producers; price 
has risen slightly as result; cadmium de- 
posiivd on steel gives much better pro- 
tection than zinc against attacks by atmos- 
pheric air and seawater; metal is harder 
than tin, little softer than zinc, and will 
take nice polish; cadmium deposit makes 
good base on which to plate nickel or 
other metals. 

The Prevention of Corrosion by Electro- 
deposition, 8S. Wernick. Indus. Chemist 
(Lond,), vol. 4, no. 41, June 1928, pp. 
234-238, 3 figs. 

Electrodeposition of cadmium and Udylite 
process; good cadmium electroplate repre- 
sents one of very best means for preventing 
corrosion; properties of cadmium plate; pro- 
duction of efficient cadmium plate; cad- 
mium content, etc.; anodes; action of cor- 
rosives. (Continuation of serial.) 


CATALYSTS 


IRON. Study of Action of Iron Catalysts 
on Mixtures of Carbon and Hydrogen Oxides 
(Etude de l’action des catalyseurs au fer sur 
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les mélanges d’oxyde de carbone et d’hydro- 
gene), E. Audibert and A. Raineau. Revue 
de UIndustrie Minérale (Paris), no. 182, July 
15, 1928, pp. 286-314, 4 figs. 

Choice of catalysts; working under pressure 
of iron-copper-alkali catalyst with research 
on improvement of this catalyst; working of 
ternary catalyst at low-temperature under 
low-pressure; study of catalyst in which 
iron appears as salt. 


CASTING, CENTRIFUGAL 


Diesel-Engine Parts Centrifugally 
(Pieces moulées centrifugation pour 
moteurs Diesel), . E, Hurst. Fonderie 
Moderne (Paris), vol. 22, May 25, 1928, pp. 
193-198, 5 figs. 

Describes centrifugal casting, its advan- 
tages, molds used, chemical composition; 
resistance of centrifugal-cast parts to wear 
and heat. 

CAST IRON 


ELECTRIO CONDUCTIVITY. The Electric 

Resistance of Cast Iron, H. Pinsl. Foundry 
Trade Jl. (Lond.), vol. 38, no. 610, Apr. 26, 
1928, pp. 303-304 and 306, 8 figs. 
_ Investigations on electric resistance of cast 
iron of different composition furnished by 
several works; relationship between resist- 
ance and combined silicon and graphite con- 
tents; influence of structure; influence of 
cooling conditions. Translated from Giesse- 
rei-Zeitung (Berlin), Feb. 1, 1928, p. 73. 

ELECTRIC WELDING. Cold Electric Weld- 
ing of Cast Iron Machine Parts (La sou- 
dure a & froid de pieces de machines 
en fonte). Pratique des industries Mecaniques 


Cast 


(Paris), vol. 11, no. 1, Apr. 1928, pp. 21-22, 
5 figs 


Describes methods used in various repair 
jobs on cast iron parts. 


GRAPHITIZATION. Examples of Peculiar 
Graphite Crystallization in Pig and Cast 
Jron (Beispiele eigenartiger Graphitkristalli- 
sationen im Roh- und Guesseisen), H. Pinsl. 
Stahl u. Eisen (Duesseldorf), vol. 48, no. 15, 
Apr. 12, 1928, pp. 473-477, 15 figs. 

Metallographie indication of graphic eutec- 
toid; formation of primary and disintegrating 
graphite in presence of iron phosphides. 


GRAPHITIZATION, Graphite in Gray Cast 
Iron and Its Influence on Strength (Beitraege 
zur Kenntnis des Graphits im grauen Guss- 
eisen and seines Einflusses ouf die Festigkeit), 
P. Bardenhever and K. L. Zeyen. Stahi uw. 
Eisen (Duesseldorf), vol. 48, no. 16, Apr. 19, 
1928, pp. 515-519, 59 figs. partly on supp. 
sheets. 

Investigation of influence of overheating 
temperature on dissolution of graphite, on 
structure and graphite formation; relation of 
mechanical ogg of cast iron to forma- 
tion of graphite; influence of casting tempera- 
pa on graphitization and strength of cast 
ron. 


HEREDITY. The Heredity of Cast Iron 
(Au sujet de Vherédite des fontes) B. Buf- 
fet and H. Thyssen. Revue Universele des 
Mines (Liége, Belgium), vol. 18, no. 1, Apr. 
1, 1928, pp. 5-7, 1 fig. 

Quotes facts which tend to prove that gra- 
phite in cast iron is great deal less soluble 
than is generally supposed; these facts which 
confirm views on heredity, show also that it 
is illogical to classify cast irons by their 
simple chemical analysis and that classifying 
pigs according to physical aspect of their 
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Decem 


fracture is not as illogical as it may se 


RESEARCH, Cast Iron in Light of R. 
Research, Foundry Trade Jl. (Lond.), vol 
no. 612, May 10, 1928, p. 329. 

Review of book under this title, by W. H 
Hatfield (3rd edition), published by ( 
Griffin and Co., London, See also editoria] 
comment, p. 327. 


CAST IRON, GRAY 


The Gray Iron Conference in Pittsburch 
Mech, Engr., vol. 50, no. 5, May, 1928, p 
411. 

Conference of gray iron foundrymen was 
called at Carnegie Institute, Pittsburgh, on 
Mar. 13, to consider conditions existing in 
jobbing part of gray iron industry and to 
discuss possible remedies; judging from vari- 
ous addresses made jobbing business in gray 
iron is falling upon evil days; speakers out 
lined substantially three ways of attacking 
problem. 


A. 
’ 


CAST IRON, NICKEL 


Nickel in Cast Iron, A. B. Everest. Foundry 
Trade Jl. (Lond.), vol. 38, no. 608, Apr. 12, 
1928, pp. 255-258, 3 figs. 

Development of cast iron in general, and of 
nickel cast iron in particular; irons of low 
nickel content only are dealt with; methods 
of adding nickel tc cast iron; influence of 
nickel on various ordinary foundry mixtures; 
results on nickel cast irons made from cupola 
melted low-silicon bases; conclusions based 
on test. Includes photomicrographs and 
bibliography. 


CAST IRON, PEARLITIC 


Present Status of Pearlitic Iron, R. Mol 
denke. Jron Age, vol 121, no. 18, May 3, 
1928, pp. 1241. 

Pearlitic iron is similar to high-test irons; 
pearlite is grouping of alternate layers of 
pure iron and iron carbide; pearlitic iron 
falls in low-silicon ranges; silicon content 
and mold temperature chief factors involved; 
expert practical manipulation is required to 
get satisfactory results; pearlitic cast iron 
should only be made with separate melting 
installation and in special building. 


CERAMIC MATERIALS 


HEAT TRANSMISSION. Heat Transfer 
Through Ceramic Materials, M. Jakob. (: 
— Age, vol. 11, no, 4, Apr. 1928, pp. 121- 

Importance of heat conductivity of ce 
ramic products; method of determining heat 
conductivity values for’ heat conductivity 
and temperature conductivity; various in- 
fluences affecting heat conductivity of ce 
ramic products. 


CHAINS 


STRENGTH. Resistance of Metal Rings 
and Chains (Note sur la resistance des 
anneaux métalliques et des chaines), H. Gil. 
Arts et Métiers (Paris), vol. 81, no. 93, 
June 1928, pp. 221-224, 2 figs. 

Study of laws of deformation and strength 
of links of chains and tests made to deter- 
mine their strength. 


WROUGHT IRON—FAILURE. The Causes 
of Failure of Wrought-Iron Chains. Foundry 
Trade Jl. (Lond.), vol. 38. no, 619, June 
28, 1928, p. 484. 
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Investigation to determine cause of brittle 
lure of wrought-iron chain; heat treat- 
ment; low temperature annealing or nor- 
malizing, has been shown, by causing re- 
crystallization in hardened surface layers, 
to restore original ductility. Abstract of 
report published by Dept. of Sci. and Indus. 
Research. 


CHROMIUM 

PLATING. Porosity of Electrodeposited 
Chromium, E. Baker and A. M. Rente. 
Am, Electrochem. Soc.—Advance Paper, for 
mtg. Sept. 20-22, 1928, pp. 117-125, 5 figs. 

Study made of porosity of chromium de- 
posited from chromic-acid chromium-plating 
baths; findings of other workers have been 
confirmed and extended; nature and cause 
of porosity of electrodeposited chromium are 
discussed in some detail. 


CHROMIUM PLATING 


PREPARATION. Polish Essential for 
Chromium Plate, C. H. Eldridge. Jron Age, 
vol, 121, no, 24, June 14, 1928, pp. 1680- 
1682, 4 figs. 

Details of successful methods of General 
Chromium Corp. for preparation of rough 
casting or stamping, undercoat of nickel 
and final chromium plate; chromium plate 
reproduces defects in surface; speed of 
lathes; rough cast or forged steel needs 
preliminary smoothing, brass castings need 
finer finish; preparation of pressed steel 
sheet, nickel and copper-plate surfaces; soft 
die-cast metal, white metal, and _ nickel 
brasses. 


PROTECTIVE VALUE. Protective Value 
of Chromium-Plate. E,. M. Baker and W. 
L. Pinners. Soc. Automotive Engrs.—Jl., 
vol. 23, no. 1, July 1928, pp. 50-51. 

Discussion of annual meeting paper, with 
brief abstract of paper; desirability of ex- 
posure tests; adherent plating requires clean 
base steel; chromium plating on tools and 
gages; successful on light-load bearings. 


CHROMIUM STEEL 


CORROSION TESTING. Electrochemical 
Behavior and Corrosive Properties of Chro- 
mium Steels (Elektrochemisches Verhalten 
und Rostneigung von Chromstaehlen), 0. 
Meyer and K. Roesch. Archiv fuer das Eisen- 
huettenwesen (Duesseldorf). vol. 2, no. 2, 
Aug. 1928, pp. 119-125, 9 figs. 

Notes on corrosion and single potential ; 
behavior of rustless chromium steels in neu- 
tral and acid solutions; relation of single 
potential to pretreatment; influence of carbon 
content on corrosive tendency. 


CHROMIUM-COPPER STEEL 


The Development of High-Grade Structural 
Steel (Zur Fortentwicklung des hochwertigen 
Baustahles), K. v. Kerpely. Stahl und Eisen 
(Duesseldorf), vol. 48, no, 38, Aug. 16, 1928, 
pp. 1130-1132. 

_ Author takes exception to certain points 
in article by E. H. Schulz in previous issue 
of this journal (p. 449, 1928), describing 
new type of structural steel developed by 
Dortmunder Union der Vereinigten Stahl- 
werke). He does not believe that chromium- 
copper steel discussed by Schulz represents 
any improvements; includes reply by Schulz. 


CHROMIUM-NICKEL ALLOYS 


Laboratory Experiments on High-Tempera- 
ture Resistance Alloys, ©. J. Smithells, §. 
V. Williams and J. W. Avery. Inst, of 
Metals—Advance Paper (Lond.), no. 466, 
for mtg., Sept. 4-7, 1928, 22 pp., 17 figs. 

Nickel-chromium alloys containing 10 to 
60 per cent of chromium and ternary alloys 
containing tungsten and molybdenum were 
subjected, together with commercial nickel- 
chromium alloys, to new forms of test for 
resistance to oxidation and sag at high tem- 
peratures; presence of small amounts of 
impurities has marked effect; commercial 
alloys are inferior to experimental alloys 
for this reason. 


CHROMIUM ORE—RHODESIA 


The Chrome Industry of S. Rhodesia. §&, 
African Min. and Eng. Jl. (Johannesburg), 
vol. 39, no. 1919, July 7, 1928, pp. 539-542, 
2 figs. 

Southern Rhodesia is world’s largest pro- 
ducer of chrome; bulk of ore comes from 
Selukwe district; Lomagundi or Umvukwes 
fields also yield considerable; Selukwe de- 
posits believed to contain enough to satisfy 
world demand for years; table of production, 
1907 to 1927 inclusive. 


COPPER 


FATIGUE. A _ Metallographic Study of 
the Path of Fatigue Failure in Copper, H. 
F. Moore and F. C. Howard. Metal Indus- 
try (Lond.), vol. 32, no. 24, June 15, 1928, 
pp. 589-592, 9 figs. 

Reprint of paper published in Univ. of 
Tll.—Bul., No. 37, 1928, previously an- 
notated. 


METALLOGRAPHY. Diffusion of Zinc 
into Copper, 8S. L. Hoyt. Am. Inst. of Min. 
and Met. Engrs.—Tech. Publication, no, 128 
Aug. 1928, 4 pp., 2 figs. 

Brief description of investigation of thin 
copper strips coated with zinc; tabulation 
and graphs on results as to time and temper- 
ature of heat treatment causing zinc to pene- 
trate and diffuse itself into copper. 


METALLOGRAPHY—GAS ABSORPTION. 
Absorbability of Gases in Casting ae 
and Effect of Adding COuprosilicon, O, é 
Ellis. Am. Inst. of Min. and Met, Engr.— 
Tech. Publication, no. 128, Aug. 1928, 26 
pp., 18 figs. 

Solubility of gases in copper; solubility of 
water vapor in copper; experiments by melt- 
ing in electric and oil-fired furnaces; metallo- 
graphic examination of ingots; tabulation of 
results, under varying melting conditions; 
conclusions enumerated. 


WELDING. Welding Copper (Das Schweis- 
sen von Kupfer und seinen Legierungen), 
Kalisch. Zeit. fuer Angewandte Chemie 
(Berlin), vol. 41, no. 14, Apr. 7, 1928, 
p. 361. 

Copper (or brass or bronze) can be suc- 
cessfully welded by pressure-welding method ; 
procedure is described. 


COPPER ALLOYS 


Useful Copper Alloys, W. H. Basset. 
Mech. World (Lond.), vol. 84, no. 2171, Aug. 
10, 1928, p. 127. 

Abstract of paper presented before Inst. 
of Metals (United States) and previously in- 
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dexed in Metal Industry (Lond.), May 25, 
1928. 

HEAT TREATMENT. The Effect of Heat 
Treatment on Some Mechanical Properties of 
85 :56:5:5 Copper-Tin-Lead-Zine Alloy, R. J. 
Anderson. Am, Metal Market, vol. 35, no. 
111, June 12, 1928, pp. 9-12, 28 and 46, 
10 figs. 

Results of experiments with two alloys, 
viz., .85:5:5:5 and 85:4:5:6 copper-tin-lead- 
zine, object of investigation was to deter- 
mine effects of annealing and of quenching on 
tensile properties of alloys as sand cast; 
microscopic examination. Bibliography. 


HEAT TREATMENT. A Rejoinder to Dr. 
R. J. Anderson’s Articles on the Heat Treat- 
ment of Copper-Tin Bronzes, OC. H. Bierbaum. 
Am. Metal Market, vol. 35, no. 34, Feb. 21, 
1928, p. 7. 

Difficult to see how any copper-tin bronze, 
aside from that of bearing metals, can eco- 
nomically compete with certain alloys; vari- 
ous concerns in effort to improve their cop- 
per-tin bronzes for bearing purposes, have 
resorted to heat treatment in order to meet 
ever increasing punishment in service. In- 
cludes reply by R. J. Anderson. 


HEAT TREATMENT. The Effect of Heat 
Treatment on Some Mechanical Properties of 
90 :6:3:1 Copper-Tin-Zine-Lead Alloy, R. J. 
Anderson. m. Metal Market, vol. 35, no. 
55, Mar. 22, 1928, pp. 3-5, 19 figs. 

Metallographic constitution of alloy; prior 
work on copper-tin-lead-zine alloys; micro- 
scopic examination; method of investigation ; 
uses of this alloy; selected bibliography. 
COPPER ALLOYS, HEUSLER 


PROPERTIES. Properties of Heusler Al- 
loys. Manganese-Aluminum-Copper Alloys 
(Zur Kenntnis der Heusler’schen Legierungen. 
Ueber das Mangan-Aluminum-Kupfer), 0. 
Heusler. Zeit. fuer anorganische u. allgemei- 
ne Chemie (Leipzig), vol. 171, no. 1-2, Apr. 
18, 1928, pp. 126-142, 17 figs. 

Constitution of ferromagnetic manganese- 
aluminum-copper alloys; properties of alpha 
and beta ternary crystals and mixtures of 
them; theory of ferromagnetic state and of 
aging of alloys. 


WORKING. Workable Manganese-Copper 
Alloys (Ueber verguetbare Mangankupferlegie- 
rungen), F. Heusler and E. Doennges. Zeit. 
fuer anorganische u. allgemeine Chemie (Leip- 
zig), vol. 171, no. 1-2, Apr. 18, 1928, pp. 
146-162, 8 figs. 

Progress in development of Heusler alloys 
of manganese, copper and aluminum; effect 
of aging on hardness and electric conductivity. 


COPPER-MAGNESIUM ALLOYS 

The Copper-Magnesium Alloys, W. R. D. 
Jones. nst. of Metals—Advance Paper 
(Lond.), no, 469, for mtg. Sept. 4-7, 1928, 
11 pp., 5 figs. 

Paper deals with notched-bar impact test 
on forged and heat-treated alloys; there is 
no advantage in adding more than 2 per 
cent of copper to magnesium; alloys con- 
taining more than 5 per cent are brittle; on 
exposure to cold, toughness has been de- 
creased; simple heat treatment does not 


improve notched-bar impact values to any ap- 
preciable extent; effect of forging on micro- 
structure has been to break down eutectic 
network, resulting in improvement of me- 
chanical properties. 





December 





COPPER-NICKEL ALLOYS 


Copper-nickel Alloys, Machy. (Lond.), 
32, no, 821, July 5, 1928, pp. 450-451. 

Properties and industrial applications of 
copper-nickel alloys; addition of relatively 
small amounts of nickel increases hardness 
ef copper and its resistance to oxidation at 
elevated temperatures; influence of carbon 
sulphur, and manganese ; corrosion-resisting 
property. 


COPPER-NICKEL CASTINGS 


SPECIFICATIONS. Proposed Master Sp: 
cification For Copper-Nickel Alloy Castings 
Foundry, vol. 56, nos. 15 and 16, Aug. 1 
and 15, 1928, supp. sheets, nos. 727, 728 and 
729, 1 fig. 

Aug. 1, United States Government genera] 
specification for metals, Federal Specifica 
tions Board Specification No. 339, in effect 
on date of invitation for bids, forms part 
of this specification; general and detail r 
quirements of material, and method of in 
spection and tests given. Aug. 15: Inspe 
tion; packing and marking of shipment. 


COPPER-SILICON ALLOYS 


The Alpha-Phase Boundary of the Copper 
Silicon System, ©. 8S. Smith. Jnst. of Metals 
—-Advance Paper (Lond.), no. 476, for mtg 
Sept. 4-7, 1928, 12 pp., 4 figs. 

Alpha-phase boundary has been redeter 
mined by series of annealing and quenching 
experiments; solubility reaches its maximum 
value, 6.7 per cent silicon, between 721 and 
782 deg. cent.; at 852 deg., temperature of 
peritectic horizontal, solubility is 5.25 per 
cent, while at 400 deg. is only 4.1 per cent 
silicon, 


COPPER-ZINC ALLOYS 


Copper-Zine Alloys. Metallurgist (supp. to 
Engineer, Lond.), Apr. 27, 1928, pp. 50-52, 
2 figs. 

Review of three articles, as follows: Exami- 
nation of Diagram of State of Copper-Zinc 
system, D. Kitsuka, in Zeit. fuer Metallkunde, 
vol. 19, 1927, p. 396; Hardness and Electro- 
lytic Potential of Copper-Zine Series, 0. 
Bauer and O. Vollenbruch, in Zeit. fuer 
Metallkunde, vol. 19, 1927, p. 86; and book 
by Bauer and Hausen, which is monumental 
study of constitution of whole system. 


COPPER METALLURGY 


Progress in Metallurgy of Copper and Lead 
in 1927 (Los progresos en la metalurgia 
del cobre y plomo en 1927). Boletin 
Minero (Santiago, Chile), vol. 40, no. 345, 
Jan. 1928, pp. 17-18. 

Copper smelters exchange information and 
avoid publication, due to Carson litigation; 
Andes copper, Potrerillos, Chile, and Horne 
smelter at Noranda, Canada, fired up; various 
notes on copper; flotation progress changes 
lead-smelting practice; concentrates richer, 
with less zinc; Phelps Dodge construction 
at Douglas, Ariz.; National Lead installed 
refinery at Buenos Aires. 


COPPER SMELTING PLANTS 


QUEBEC. The Horne Copper Mine and 
Smelter at Noranda, Quebec. Engineer 
(Lond.), vol. 145, no, 3769, Apr. 6, 1928, p 
376, 5 figs. (4 on P 878.) 

Smelter plant is largest mining building in 
Northern ada; both “custom” ore and 
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ore from Horne mine are to be treated at 
smelter; separate bins are provided for each 
of two classes; ores will be crushed in three 
stages; smelting process will be carried on 
in reverberatory smelting furnaces. 


CUPOLAS 

TEMPERATURE RECORDERS. Recording 
the Cupola Temperature, H. W. Dietert. Can. 
Foundryman (Toronto), vol. 19, no. 4, Apr. 
1928, pp. 12-18, 3 figs. ‘ 

Cupola temperature recorder consists of 
three parts, hood, thermocouple and recorder, 
and is adaptable to any heat; causes of ir- 
regular temperatures; use of device on hand- 
charged cupola; result of low coke bed; check 
of standard practice. 


DIE CASTING 


ALUMINUM ALLOYS. Properties and 
Production of Aluminum Alloy Die-Castings, 
S. L. Archbutt, J. D. Grogan and J. W. Jen- 
kin. Inst. of Metals—Advance Paper (Lond.), 
no. 477, for mtg. Sept. 4-7, 1928, 19 pp., 
19 figs. 

Investigation of die castings made in per- 
manent metal molds under gravity feed, 
i.e., Without application of external pres- 
sure and hot-shortness of aluminum die- 
casting alloy; two types of casting were in- 
vestigated: (1) shouldered test piece of cir- 
cular section suitable for testing direct with- 
out machining; (2) hollow tubular casting 
requiring use of cores in molding; to over- 
come defects due to air locks, shrinkage, etc., 
careful control of working conditions was 
necessary. 

COPPER ALLOYS. Die-Casting of Cop- 
per-Rich Alloys, R. Genders, R. C. Reader 
and V. T. S. Foster. Inst. of Metals—Ad- 
vance Paper (Lond.)., no. 475, for mtg. 
Sept. 4-7, 1928, 32 pp., 6 figs. 

Exploratory examination of wide range of 
alloys in form of chill-cast bars and die-cast 
test pieces has indicated that variety of al- 
loys exist suitable for die casting and of- 
fering mechanical properties to meet varying 
requirements; aluminum brasses have advan- 
tages in their range of properties, high proof 
stress, slow rate of attack on mold and core 
materials, and cheapness. 


DIESEL ENGINES 


PULVERIZED FUEL. Coal Dust for Oil 
in Engines as in Boilers, R. Pawlikowski. 
Coal Age, vol. 38, no. 8, Aug. 1928, pp. 
489 and editorial, p. 495, 1 fig. 

_In 1911 Kosmos Machine Works of Goer- 
litz, Germany, began experiments on pulver- 
ized-coal engine; successful in 1916; en- 
gine in regular operation and piston rings 
not replaced until 1924; for 12 years it 
operated with nearly all grades of Ger- 
man anthracite; will also run on oil, mixture 
of oil and pulverized coal, or on turf, saw- 
dust, charcoal, rice dust, flour, and even 
coke. Previously indexed from Power, July 
24, 1928. 

TESTING. Some Tests on a Two-Stroke 
Cycle Diesel Engine, E. A. Alleut. Power 
House (Toronto), vol. 22, no. 16, Aug. 20, 
1928, pp. 24-26, 6 figs. 

Tests were performed on vertical oil en- 
gine installed in thermodynamic laboratory 
of University of Toronto; standard type of 
two-stroke cycle heavy-oil engine, having 
hot-bulb ignition and crankcase compression ; 
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cylinder has bore of 9% in., stroke 11 in. ; 
rated power 25 b.hp. at speed of 375 r.p.m.; 
test results. 


DILATOMETERS 


The Dilatometer and Its Application. Am, 
Mach., vol. 68, no. 25, June 21, 1928, 
p. 1019, 8 figs. 

Operation details of dilatometer by means 
of which correct quenching temperature is 
mechanically indicated regardless of type of 
steel; by arrangement of recording chart 
to show amount of expansion during heating 
period, rate of heating is also definitely 
recorded; by comparison with known rates 
for steels, proper heating rate for given 
steel can be _ controlled. 


DROP FORGING 


ACCIDENT PREVENTION. Safety Prob- 
lems in the Forge Shop, J. C. MacLagan. 
Heat Treating and Forging, vol. 14, no. 6, 
June 1928, pp. 622-623. 

Importance of safety problem in drop 
forge industry is emphasized; safety in small 
plant; mercenary viewpoint; incidental or 
hidden cost of accidents; some of items that 
enter into incidental costs. Paper delivered 
at Am. Drop Forge Convention. 


DURALUMIN 


ALOLAD. Aluminum-Coated Duralumin 
Proves Durable Aircraft Material, T. W. 
Downes. Automotive Industries, vol. 59, no. 
7, Aug. 18, 1928, pp. 238-241, 5 figs. 

Alclad stands up especially well against 
corrosion in salt spray test after anodic oxi- 
dation treatment; resistance to elements high 
even when surface is scratched; Alclad is 
sheet consisting of strong aluminum alloy 
upon surfaces of which is superimposed re- 
latively thin layer of aluminum of high pur- 
ity; metallurgical investigation of Alclad 
at Naval Aircraft factory. 

PROTECTIVE COATINGS. Protective 
Coatings for Duralumin and other Aircraft 
Alloys, H. A. Gardner. Am, Paint and 
Varnish Mfrs. Assn., no. 330, June 1928, 
pp. 482-508, 13 figs. 

Exposure tests upon laboratory roof have 
been continuous since start of tests; final 
inspection results; materials used and 
methods of exposure; report of recent in- 
spection and conclusions which have been 
reached. 


ELECTRIC MEASURING 
INSTRUMENTS 


PRECISION. Measuring a Billionth of an 
Inch. Metal Industry (N. Y.), vol. 26, no. 
6, June 1928, p. 272. 

Equipment to measure changes in length 
of order of billionth of inch has recently 
been devised by P. P. Cioffii of Bell Tele- 
phone Laboratories; this length is just about 
one-tenth of diameter of atom; need for 80 
refined instrument arose from studies of 
magnetic materials. 


FOUNDRIES 


MATERIALS HANDLING. Automatic Han- 
dling in the Foundry (La manutention auto- 
matique en fonderie), A. O. J. Malengreau. 
Fonderie Moderne (Paris), vol. 22, Aug. 10, 
1928, pp. 308-305, 1 fig. 

Systems used for handling materials and ap- 
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paratus in foundry are described; hand work 
is discussed and compared with machine 
work. 


MATERIALS HANDLING. Study Your Re- 
turns from Handling Equipment, J. J. Hart- 
ley. Foundry, vol. 56, no. 16, Aug. 15, 1928, 
pp. 673-674. 

Problem of applying materials-handling 
equipment to foundry and determining its 
earnings is discussed; common-sense use of 
simple accounting methods, coordination of 
plan with production requirements, careful 
estimating entire cost of proposed equipment, 
and conservative estimate on returns are all 
necessary. Abstract of paper presented be- 
fore Am. Foundrymen’s Assn. 


FOUNDRY PRACTICE 


OXYACETYLENE WELDING. Oxy-Acety- 
lene Welding in the Foundry, G. F. Wieser. 
Acetylene Jl., vol. 30, no, 2, Aug. 1928, pp. 
59-62. 

Welding torch is important factor in as- 
sisting up-to-date foundryman to keep costs 
down, to make deliveries of sound well-fin- 
ished castings; oxyacetylene-welding process 
possesses characteristics which make it pecu- 
liarly and increasingly applicable in non- 
ferrous, gray-iron and steel foundries; de- 
fects in steel castings; shows important part 
which oxyacetylene welding plays in enabling 
foundryman to meet customer’s  specifica- 
tions. Paper read before Welding Confer- 
ence, 


PURCHASING. Foundry Purchasing, E. N. 
Simons. Foundry Trade Jl. (Lond.), vol. 39, 
no. 625, Aug. 9, 1928, p. 100. 

Handling goods; saving transport costs; 
classification of incoming materials; im- 
portance and methods of modern weighing 
office; why goods should be weighed. 


REVEBERATORY. Rational Operation of 
Oil-Fired Reverberatory Furnaces (Rationelle 
Fuehrung von oelgeheizten Flammoefen), E. 
Zimmermann. Zeit. fuer die gesamte Gies- 
sereipraxis (Berlin), vol. 49, nos. 30 and 31, 
July 22 and 29, 1928, pp. 253-256 and 261- 
263. 

Theory and practice of oil firing; deter- 
mination of calorific value of liquid fuels; 
combustion process; influence of air volume 
on character of flame and combustion; calcu- 
lation of air required; atomization of fuel 
oil, 


GAS FUELS 


COMBUSTION TEMPERATURE, The In- 
fluence of Nonvolatile Constituents on the 
Theoretical Combustion Temperature of 
Gaseous Fuels (Ueber den Einfluss nicht- 
verbrennender Bestandteile auf die theore- 
tische Verbrennungstemperatur gasfoermiger 
Brennstoffe), F. Schuster. Waerme (Berlin), 
vol. 51, no. 24, June 16, 1928, pp. 427-429. 

Calculation of theoretical combustion tem- 
peratures; influence of carbonic acid, water 
vapor and diatomic gases; combustion of 
carbon monoxide with oxygen and air; in- 
fluence of nitrogen and carbonic acid. 


GEARS AND GEARING 

BEVEL. New Type of Conical Gears and 
Their Rapid Cutting by a Special Miller (Un 
nouveau type d’engrenages coniques sa taille 








Decem) r 


rapide au moyen d’une fraise speciale), R 
Leguillochet. Technique Moderne (Paris). 
vol. 20, no. 14, July 15, 1928, pp. 488-489. 
4 figs. 

Describes new type of bevel gear which 
can be cut on ordinary milling machine by 
means of simple set-up. 


GRINDING WHEELS 


HARDNESS. Study of Hardness of Grind 
ing Wheels (Untersuchung der Schleifschei 
benhaerte), M. Kurrein. Werkstattstechnik 
(Berlin), vol. 2, no. 10, May 15, 1928, pp. 
293-298, 20 figs. partly on supp. plates. 

Review of experiments on glazing effect: 
photographic studies of texture and structure 
of grinding wheels, wearing effect due to 
grinding. 


GUNITE 

“Gunite’’—Its Properties and Applications. 
Machy. (N. Y.), vol. 35, no. 1, Sept. 1928, 
pp. 61-62, 3 figs. 

New metal known as Gunite recently an- 
nounced by Gunite Corp. of Rockford, I)l., 
is described; metal does not exhibit ductility 
of malleable iron or steel and shrinkage js 
less than one part in one thousand as result 
of heat treatment ; micrograph compared with 
those of cast iron and semi-steel; no tend 
ency to form hard outer skin; fredoom from 
internal strains; ability to resist wear under 
friction; tests made at Armour Institute of 
Technology. 


INGOT STEEL 


PROPERTIES. Stable Ingot Steels. (Flus- 
stahl mit geringer Alterungseigenschaft), 0. 
Bauer. Zett. des Bayrischen Revisions-Ver- 
eins (Munich), vol. 32, nos. 8 and 4, Feb. 
15 and 29, 1928, pp. 28-831 and 41-44, 22 

Study of special Krupp steels for use in 
boiler construction; effect of cold working 
and various annealing temperatures on notch 
impact strength; microstructure, chemical 
composition and notch impact tests of ‘‘Izett 
I” steel showing greater strength stability, 
annealing temperatures having less effect on 
toughness of this steel. 


IRON 


ANALYSIS. Diphenylamine as _ Indicator 
in the Titration of Iron with Dichromate, 
F. J. Watson. Chem. Eng. and Min, Rev. 
(Melbourne), vol. 20, no, 238, July 5, 1928, 
pp. 355-357. 

Reviews method of J. Knopp, as in J]. Am. 
Chem. Soc., vol. 44, 1928, p. 263; de- 
scribes series of titrations, followed electro- 
metrically; concludes that diphenylamine 
can be satisfactorily used, provided that cer- 
tain enumerated rules are observed. 


INCLUSIONS. Inclusions in  Iron—A 
Ceteeananee Study, C. R. Wohrman. 
Am. Soc. Steel Treating—Trans., vol. 14, no. 
8, Sept. 1928, pp. 885-414, 44 figs. 

Notes on oxide-sulphide inclusions; in pres- 
ence of sulphur and oxygen in pure iron, 
both oxides and sulphides of iron are formed ; 
manganese, if present in small amounts will 
combine primarily with oxygen; complex 
oxide-sulphide inclusions exhibit varying 
structures depending on heat treatment given 
to including metal; etc. 
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TESTING. Procedure for Simplified Test- 
ing, G. D. Johnson. Heat Treating and Forg- 
ing, vol. 14, no. 8, Aug. 1928, pp. 870-874, 
3 figs. 

Description of methods of making simple 
tests to differentiate types of steel, to locate 
defects, and to check results of various heat 
treatments; determination of grade by spark 
test consists of observation of stream of 
sparks produced by grinding steel and class- 
ifying material through comparison of ap- 
pearance of spark with some standard; shear 
test and application of deep etching for de- 
fects; tests for decarbonization. 


X-RAY ANALYSIS. Japanese Scientists 
Study Crystal Lattice of Martensite. Jron 
Age, vol. 122, no. 9, Aug. 30, 1928, p. 515. 

Brief review of results of investigation by 
S. Sekito published in Science Reports of 
Imperial Tohoku University, June 1928; he 
finds that space lattice of quenched 1l-per 
cent carbon steel is 0.45 per cent greater 
than of quenched carbon-free iron. 


STAINLESS STEEL 


AUTOGENOUS WELDING, The Autogenous 
Welding of Stainless Steels, H. Bull and 
L. Johnson, Engineering (Lond.), vol. 125, 
no, 3249, Apr. 20, 1928, p. 478. 

Points out desirability, wherever possible, 
of subsequently heat treating all stainless- 
steel articles, after having welded them; all 
provesses in use for welding of ordinary steel 
could be applied to welding of stainless 
material; in are and gas welding, however, 
special electrodes or rods were necessary. 
Abstract of paper read before Brit. Acetylene 
and Welding Assn, 


STAYBOLTS 


MANUFACTURE, Staybolt Production in 
Railway Shops, Boiler Maker, vol 28, no. 
2, Feb. 1928, pp. 33-37, 9 figs. 

Proper threads, inspection system, gages, 
fixtures and machines best suited for this 
work; shape of thread; U. S. form of thread 
is gradually replacing all other forms for 
staybolt threading; gaging pitch diameter 
error in lead of staybolt taps; errors in 
staybolt threading; gaging pitch diameter 
of staybolts; flexible staybolts. (To be con- 
tinued.) 


STEAM TURBINES 


BLADES. Metals for Steam-Turbine Blades 
Ein Beitrag zur Baustoff-Frage der Wampf- 
turbiren-Beschaufelung), E. A. Kraft Elektro- 
technix u. Maschinenbau (Vienna), vol. 46, 
no. 14, Apr, 1, 1928, pp. 301-305, 9 figs. 

Properties, resistance to cavitation, ten- 
sion and impact tests of low nickel-steel (5 
per cent nickel) and non-corrosive steel; use 
of hydrogen welding in steam-turbine con- 
struction. 


STEEL CASTINGS 


Steel Castings Withstand Severe Operating 
Conditions, J. H. Hall. Foundry, vol. 56, 
nos. 16 and 17, Aug. 15, and Sept. 1, 1928, 
pp. 655-656 and 702-704. 

Aug. 15: So far as author is aware, no 
steel or iron yet has been found that will 
resist pure abrasive wear unaccompanied by 
pressure as satisfactorily as manganese steel ; 
uses of nickel-chrome steels; greatest advance 
made in field of heat-treated castings of high 
strength and toughness for resisting heavy 
stresses. Increase of physical properties by 


use of additional alloys to special steels; 
work in high-temperature field. Abstract of 
paper presented in behalf of Am. Foundry- 
men’s Assn. before Inst. of Brit. Foundrymen. 


Steel Castings for Severe Service, J. H. 
Hall. Foundry Trade Jl. (Lond.), vol. 39, 
no. 620, July 5, 1928, pp. 4-6. 

Summary of recent American practice; 
limitations of manganese steel; composite 
steels; high-resistance heat treated castings ; 
industrial. applications; heat-resisting steel 
castings; stainless steels and irons. See also 
discussion, by R. Hadfield, in no. 621, July 
12, pp. 31-32 and 84. 

Putting Cast Steel Where It Belongs. e- 
search Group News, vol. 5, no. 2, July 1928, 
pp. 190-197, 11 figs. 

Feature of A. F, A. Convention in Phila- 
delphia was large collection of castings; in 
steel section of this exhibition there were 
groups of castings from 18 companies; pre- 
sents photographs of number of exhibit cast- 
ings and supplements them with pictures of 
particularly interesting castings that were 
not at time available for exhibition. 


DEFECTS. Casting of Steel Cracks (La 
fonderie d’acier, les criquex), M. Guédras, 
Fonderie Moderne (Paris), vol. 22, June 10, 
1928, pp. 228-224, 

Causes of cracks and fissures in steel cast- 
ings and remedies for them treated briefly. 


HEAT TREATMENT. Heat Treatment of 
Forgings and Castings for Selective Direc- 
tional Adjustment of Residual Stresses, W. 
J. Merten, Am. Soc. Steel Treating—Trans., 
vol. 14, no, 2, Aug. 1928, pp. 193-198, 8 
figs. 
Methods of selective abstraction of heat or 
selective cooling by directed quenching for 
producing favorable directional internal or 
residual stresses in forged disks or cast 
parts of rotating bodies; directing of coolant 
upon middle of rotating hollow bored or 
forged disk by properly placed spraying noz- 
zles or by enclosing red-hot disk in con- 
tainer, immersing same into coolant and 
simultaneously opening ports and rotating 
disks, 

MANUFACTURE. The Making of Steel 
Castings in 1927, F. Hodson. Blast Furnace 
and Steel Plant, vol. 16, no. 7, July 1928, 
p. 926, . 

A brief enumeration of manufacturing proc- 
esses, chemical composition and properties; 
cooperation between consumer and maker 
urged; heat treating enhances service of 
castings. 

PRODUCTION STATISTICS. Continued 
Heavy Production of Steel Castings. Jron 
Age, vol. 122, no. 4, July 26, 1928, p. 226. 

Production of commercial steel castings in 
June is reported by U. 8S. Department of 
Commerce at 90,202 net tons; production for 
first six months has reached 523,745 tons, 


SHRINKAGE. The Shrinkage of Cast Steel, 
F. Korber and G. Schitzkowski. Foundry 
Trade Jl. (Lond.), vol. 39, no. 622, July 
19, 1928, pp. 47-48, 3 figs. 

Experiments were carried on with plain 
round bars; with bars with large flanges 
which hindered shrinkage, and with bars with 
flanges, shrinkage of which was limited by 
rigid iron rods put into mold; experiments 
with acid steel and using basic open-hearth 
steel. Abstract translated from Stahl und 
Eisen, 1928, nos. 5 and 6. ; 
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STEEL FOUNDRIES 


LABORATORIES. Establishes Steel Foun- 
dry Laboratory. Jron Age, vol. 122, no. 5, 
Aug. 2, 1928, pp. 280-281, 2 figs. 

Laboratory of East Chicago, Ind., plant 
of American Steel Foundries, equipped for 
production of experimental steels and alloys; 
heat treatment can be followed up under 
exacting conditions; two melting furnaces 
provided, one of carbon-pile resistance type, 
and other induction furnace; after produc- 
tion and heat treatment, properties of these 
alloys can be examined chemically micro- 
scopically and physically. 


STEEL FOUNDRY PRACTICE 


Steel Foundry Practice, P. Longmuir. Jron 
and Steel Industry (Lond.), vol. 1, no. 
11, Aug. 1928, pp. 357-358. 

Basic steel making, both by open hearth 
and by Bessemer processes, and, in particu- 
lar, with function of slag in basic open- 
hearth process, is described. (Continuation 
of serial.) 


SOOTH AFRICA. Steel Casting as Ap- 
plied to Shoe and Die Manufacture, J. 
D. Dunlop. 8S. African Eng. (Lond.), vol. 39, 
no. 8, Aug. 1928, pp. 173-175. 

Operations of Witwatersrand Co-operative 
Smelting Works at Driehoek, South Africa. 
Abstract of paper presented before S. African 
Instn. of Engrs. 


STEEL MANUFACTURE 


ELECTRIC PROCESS.  Electrometallurgy 
of Steel for Foundry Use, R. J. Richardson. 
Iron and Steel of Can. (Gardenvale, Que.), 
vol. 11, no. 8, Aug. 1928, pp. 232-237, 10 
figs. 
Brief comparison between electric and con- 
verter steels is given; electric conversion costs 
are higher in fuel refractories and electrodes; 
converter uses more expensive scrap and has 






A NEW DEVELOPMENT IN CORROSION-RESISTING STEEL 


December 


higher melting loss, but has fair advantage 
generally ; converter steel often has dissolved 
oxides present; electric steel will in future 
more than hold its own, and become unj 
versal; table of test results on electric stee! 
castings. 


STRAIN GAGES 

Eliminating Error With Spherical Points 
On Straingage Levers, P. J. McCullough. 
Instruments, vol. 1, no. 6, June 1928, pp. 
285-286, 2 figs. 

Modification of shape of points by chang. 
ing from cone or chisel point to ball point; 
steel balls 3/32 in. in diameter are secured 
by fusion; greatly reduces errors especially 
on test pieces with rough surfaces. 
STRESSES 

MODEL TESTING. Experimental Static 
Determination of Hyperstatic Systems (Deter- 
minacion estatica experimental de los sis- 
temas hiperestaticos), J. M. Aguirre and A. 
San Roman. Revista de Obras Publicas 
(Madrid), vol. 76, no. 2501, May 15, 1928, 
pp. 178-181, 5 figs. 

German professor, ©. Rieckhof, devised 
apparatus called “‘Nupubest’’; series of parts 
that permit reproduction of structure in 
miniature and practical testing of compara- 
tive effects of concentrated and distributed 
loads on structure; example and graph of 
deformations obtained in study on platform 
for sports field at Seville exposition. See 
Bauingenieur, Feb. 24, 1928. 


STRENGTH TESTING. Prolonged Stress 
and structure of Steel (Dauerbeanspruchung 
Gefuege und Daempfung), W. Herold. Archiv 
fuer das Eisenhuettenwesen (Duesseldorf), 
vol. 2, no. 1, July 1928, pp. 23-38, and 
(discussion) 38-39, 36 figs. 

Results of prolonged tests on annealed 
pearlitic and hardened martensitic and aus- 
tenitic steels; determination of endurance 
strength; investigation of artificial and 


natural fractures. 


(Continued from Page 892) 


them. 


Very often the surface of a piece of corrosion-resisting steel is in- 
noculated with particles from the tools which have been used to finish it. 


may have come from an emery wheel loaded with ordinary carbon steel and 


the wheel will drive the particles of carbon steel into the surface. 
people prepare specimens for corrosion tests with a file, and you have but to file 
a piece of this high chromium steel with a brand new file to feel the splinters 
And where do the splinters go if they do not 


chip off the edge of the file. 
go into the surface being filed? 


I have seen punched holes which have corroded around the wall of the 
hole and it was nothing in the world but tool steel particles wiped off the 
sides of the punch, because if you give the sample a dip in nitrie or muriatic 
acid to remove the occluded iron the corrosion will cease. 
emphasis because it frequently enters into our corrosion tests and explains 
many of the discrepancies which perplex us. 
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1928 REVIEWS OF RECENT PATENTS 


Reviews of Recent Patents 


By NELSON LITTELL, Patent Attorney 
475 Fifth Ave., New York City—Member of A. S. S. T. 


1,684,841, September 18, 1928, Steel and Its Manufacture, Joseph Rus- 
sell Cornell Marsh, of Arlington Heights, Illinois, Assignor to Francis Nor- 
wood Bard, of Chicago. 

This patent describes the process of introducing a modifying element 
into steel, such as carbon, which comprises disposing the carbon particles 
in the form of flake or needle graphite in the bottom of the crucible 10 and 
flowing the molten metal thereinto in a stream 12 which sets up a cireu- 
latory motion of the graphite flakes in the stream, causing rapid dissemina- 
tion of the same throughout the mass of molten metal and permitting the 


same to be quickly and uniformly absorbed therein. During the pouring 
operation, part of the graphite particles form a layer 14 on the top of the 
metal, protecting it from oxidization, but at the same time this top layer 
is drawn into the stream of molten metal as illustrated. It is desirable be- 


fore pouring the metal into the ladle 10 to heat the same to a red heat to 
prevent chilling of the metal and facilitate absorption of the graphite 
therein. 


1,685,570, September 25, 1928, Process of Improving the Qualities of 
Nickel-Beryllium Alloy, George Masing, of Berlin, and Otto Dahl, of Berlin- 
Charlottenburg, Germany, Assignors to Siemens and Halske, Aktiengesell- 
schaft, of Siemenstadt, Near Berlin, Germany. 

This patent is based upon exhaustive experiments which show that 
nickel-beryllium alloys, containing preponderating amounts of nickel, can 
be commercially produced and provide excellent technical properties, par- 
ticularly with reference to hardness. An alloy of 13.4 per cent of beryl- 
lium is so hard that is scratches glass and, in general, the hardness of the 
alloy increases with the amount of beryllium. It is possible, however, to 
increase the hardness of alloys of a lower beryllium content by proper 
heat treatment as the hardness of the 5 per cent beryllium alloy can be sub- 
stantially doubled by quenching in water or cooling in air from a temper- 
ature above 1300 degrees Fahr. and afterward tempering to a temperature 


of 600 to 1100 degrees Fahr. Further hardness can be imparted by mechan- 


ical working after quenching and prior to the second heating. 
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1,685,966, October 2, 1928, Annealing Pot, Robert 8S. Stewart, of Chi: 
cago, Assignor to The American Brake Shoe and Foundry Company, of New 
York City, a corporation of Delaware. 

This patent describes an annealing pot 7, having corner walls of great 
er thickness than usual to withstand the corner strains, and provided with 












longitudinal reenforcing ribs 14 and a ribbed reenforced cup bottom 15. A 
flared top 11 and a shoulder seat 12 facilitate the stacking of the pots to- 
gether in the furnace. 

1,686,087, October 2, 1928, Art of Refining Iron and Steel Products, 
Charles W. Hill, of Birmingham, Alabama. 

This patent describes a process of refining iron which comprises stor- 
ing the molten iron in a refiner 1 to approximately the level indicated at 
22 and then passing combustion gases therethrough from the gas producer 
or furnace 2 through the pipes 3, 4 and 5. 




















Means are provided for regulat 













ing the character of the gases discharged from the furnace 2 by means of 
the valves 10, 12, 13, 34 and the like, which control the amount of fuel 
and air going into the furnace 2 to produce gases which are either oxidizing 
or reducing with respect to the metal being treated. The gases are received 
in the refiner 1 or the pipe 5 at substantially the temperature existing in the 
furnace 2 and after passing through the bath 22, are discharged through 

’ : the stack 36. When sufficiently refined, the metal is tapped from the spout 
27. 




















1,676,856, Alloy, Alfred George Cooper Gwyer and Henry Wilfred Lewis 
Phillips, of London, England, Assignors to The British Aluminum Com- 
pany, Limited, of London, England. 

This patent describes the process of modifying aluminum-copper alloys 
in which the content of copper exceeds 6 per cent and in which a modifying 
element, such as calcium, in amounts of 0.3 per cent or less, is added to the 
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alloy at a temperature of 1470 degrees Fahr. (800 degrees Cent.) The 
addition of the calcium or other alkaline earth metal brings about a modifi- 
eation of grain structure and increase in tensile strength. 


1,672,278, Metal Pot. Albert N. Otis, Schenectady, N. Y., assignor to 
General Electric Company. 

The receptacle in this molten metal pot is divided into a number of 
chambers communicating with each other. An outlet duct extends down- 
ward into one of the chambers. The molten metal is forced out of the other 
chambers, into this chamber thus causing the metal to flow out through 
the duct. 


1,686,223, October 2, 1928, Stable-Surface Iron-Chromium-Silicon Alloy, 
Percy A. E. Armstrong, of Loudonville, New York, Assignor to Ludlum 
Steel Company, of Watervliet, New York, a corporation of New Jersey. 


This patent describes a stable surface iron-chromium-silicon alloy, 
particularly adapted for the production of rolled bars, sheets and the like. 
The carbon is preferably kept below 0.05 per cent, due to its detrimental in- 
fluence on the stable surface qualities and workability of the material. The 
chromium content may vary from 13 to 30 per cent, preferably ranging 
from 16.5 to 18.5 per cent to secure the desired softness and workability 
with the requisite stable surface, and the silicon content is preferably 
from 0.5 to 5 per cent. The remainder is iron or small percentages of other 
metals. The alloy is produced by putting together degasified molten iron 
and pre-heated chrome alloy material, casting into ingots, hot working into 


‘reduced sizes, heating to an initial rolling temperature of about 1900 to 2300 


degrees Fahr. and finishing rolling with substantially maximum draft roll 


passes, the rolling being completed at a temperature above 1100 degrees 
Fahr. 


1,686,075, October 2, 1928, Process of Making Synthetic Pig Iron, Emil 
Edwin, of Trondhjem, Norway, Assignor to the Firm: Aktieselskapet, Norsk 
Staal (Elektrisk-Gas-Reduktion), of Oslo, Norway. 


This patent describes a process of producing synthetic pig iron, of a 
quality comparable to Swedish charcoal pig iron, by reducing iron ore 
through reducing gases and magnetically separating the ore and gangue to 
produce sponge iron which is intimately mixed with pure carbonaceous ma- 
terial, such as charcoal, petroleum coke, or the like, and melted in an elec- 
tric furnace under acid conditions and at as low a temperature as possible. 


1,687,105, Recuperator-Type Oil Burner. George F. Naab, Lakewood, 
Ohio, assignor to The North American Manufacturing Company. 


In this liquid fuel burner, high temperature air is passed through 
openings in a hollow body. The stem of an atomizing head extends in 
this hollow, the stem being tubular and having connection with a fuel 
supply at pressure greater than that of the air passing through the body 


and being arranged to convey the fuel to the head. The stem is cooled to 
prevent carbonization of fuel. 
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HE week of January 14, 1929 will mark an epoch-making period in in 

dustrial California and the adjacent western states. As is already well 
known to all of our members this week will mark three important events 
—the Western Metal Congress, the Western States Métal and Machinery 
Exposition and the Semi-Annual Meeting of the A. 8S. S. T. 

Papers of vast importance to industrial development will be read at 
sessions of the Western Metal Congress. Participating in these will be the 
American Society of Mechanical Engineers, American Institute of Mining 
and Metallurgical Engineers, California Division of Development and Pro 
duction Engineering of the American Petroleum Institute, American Weld 
ing Society, Society of Automotive Engineers, Pacific Coast Electrical As 
sociation, Pacific Coast Gas Association, Institute of Marine Engineers, 
Metal Trades and Manufacturers Association, Chamber of Mines and Oils, 
National Purchasing Agents Association and the American Society for Steel 
Treating. 

The exposition which is to be held in the big Shrine Auditorium, 
will not be unlike that held in Philadelphia, October 8, during National 
Metal Week. Here will be shown the latest and finest equipment used in 
the metals industry. It will be representative of that industry which an 
nually involves billions of dollars. Eminent scientists from all parts of 
America, and Europe will be in Los Angeles for the convention to absor) 
the latest technical information and to take back the results of these studies 
for introduction into their own business. 

The rapid development of various industries in the western section of 
the country where the consumption of steel products has become so great 
and important makes the coming first Western Metal Congress and Expo 
sition of exceptional importance to every part of the west. 

Many advances in the study of steel have been made in the past year 
and these will be presented at the technical sessions. 

Foremost in these advances is the perfection attained in the production 
of stainless steel. A complete discussion will be introduced of new alloys 
in the manufacture of corrosion-resisting steel and how it has improved 
the machining and grinding properties and reduced the tendency toward 
pitting and scratching. 

The technical sessions during the convention will be the most important 
ever held in the West and will be of far reaching importance to all inter- 
ested in the steel industry. 

For those members who live in the eastern part of the country the 
Western Metal Congress presents another interesting angle and that is a 
winter vacation in the land of sunshine. It presents an opportunity to 
leave the land of ice and snow when winter is at its worst and enjoy a 
real vacation in the land of roses. An opportunity to go with a fine crowd 
of folks you know and like. An opportunity to visit your Western and 
Pacifie Coast representatives and business connections—to size up the 
business possibilities out there at first hand—to open up new outlets for 
your business. In a word an opportunity to store up new health and energy 
through a needed midwinter vacation while you are gaining new ideas and 
impressions to help increase your business. 

The Santa Fe Railroad is cooperating by running a special train from 
Chicago to Los Angeles, leaving Chicago the evening of January 7, 1929. 
Many have already indicated their intention to go to Los Angeles on the 
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special train. The arrangements provide for a 1-day stop-over at the 
Grand Canyon of the Colorado River. 

The American Society for Steel Treating promises those who visit this 
Western Metal Congress a comfortable trip and an illuminating one from 
a scientific angle. 

The Biltmore Hotel will be the headquarters for the American Society 
for Steel Treating. Make your reservations now, either directly with the 
hotel management or through the Society. Most important of all is that 
you be there. The complete program of technical papers will be published 
in January TRANSACTIONS. 


Those Who Will Exhibit at Los Angeles 


The following is a complete list of exhibitors as of November 15, 1928, 
of those companies and individuals who will have exhibits at the Western 
States Metal and Machinery Exposition at Los Angeles, California. 


ABRASIVE COMPANY 

AHLBERG BEARING COMPANY OF CALIFORNIA 
Arr RepucTion Sates CoMPANY 

ALCORN COMBUSTION COMPANY 

AMERICAN BrASS COMPANY 

AMERICAN CAR AND FouNpRyY COMPANY 
AMERICAN REFRACTORIES COMPANY 
ARMSTRONG-BLUM MANUFACTURING COMPANY 
ARMSTRONG BrotrHers Too, COMPANY 
ATKINS AND CoMPANY, E. C., 

ATLAS STEEL CORPORATION 

AXELSON MACHINE COMPANY 

BauscH AND Loms OPTICAL COMPANY 
BeLLis Heat TREATING COMPANY 
BETHLEHEM STEEL COMPANY 

BLACK AND DECKER MANUFACTURING COMPANY 
BoTrIELD REFRACTORIES COMPANY 

BrIsToL COMPANY 

BRowN INSTRUMENT COMPANY 
CALIFORNIA MALLEABLE CASTINGS COMPANY 
CARBORUNDUM COMPANY 

CARBORUNDUM COMPANY 

CENTRAL ALLOY STEEL CORPORATION 
OCuHIcaGo STEEL AND WirE COMPANY 
CLARK TRUCTRACTOR COMPANY 

CLEVELAND Twist Dritt CoMPANY 
COLONIAL STEEL COMPANY 

CoopeR Hewirr E.ecrric CoMPANY 
CRUCIBLE STeeEL COMPANY OF AMERICA 
DEARBORN CHEMICAL COMPANY 

DIssTON AND Sons, HENRY 

DoHENEY Strong Driwine CoMPANY 
DUCOMMUN CORPORATION 

EASTMAN Kopak COMPANY 


Philadelphia 

Los Angeles 
New York 
Philadelphia 
Waterbury, Conn. 
New York City 


Chicago 

Chicago 
Indianapolis 
Dunkirk, N. Y. 
Los Angeles 
Rochester, N. Y. 
Branford, Conn, 
Bethlehem, Pa. 
Towson, Md. 
Philadelphia 
Waterbury, Conn. 
Philadelphia 

Los Angeles 
Niagara Falls, N. Y. 
Perth Amboy, N. J. 
Massillon, Ohio 
Chicago 

Battle Creek, Mich. 
Cleveland 

Los Angeles 
Hoboken, N. J. 
New York City 
Chicago 
Philadelphia 
Glendale, Calif. 
Los Angeles 
Rochester 


Ex-CetL-O Too, AND MANUFACTURING COMPANY Detroit 


FirtuH-STerting Steet ComMPANY 
Forp Company, J. B. 

FUSION WELDING CORPORATION 
GAIRING Too. Company, INc. 
GATHMANN ENGINEERING COMPANY 
GENERAL ELectrico COMPANY 
GLOBAR CORPORATION 

GODDARD AND GoppaRD COMPANY 


Los Angeles 
Wyandotte, Mich. 
Chicago 

Detroit 

Baltimore, Md. 

Los Angeles 
Niagara Falls, N. Y. 
Detroit 
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HALcoMB STEEL COMPANY Syracuse, N. Y. 
HAYNES STELLITE COMPANY Kokomo, Ind. 
HEPPENSTALL FoRGE AND KNIFE COMPANY Pittsburgh 
HERBERTS MACHINE AND SUPPLY COMPANY Los Angeles 
HOUGHTON AND ComPANy, E. F. Philadelpha 
HucHes Toot CoMPANy Los Angeles 
JOHNSON GEAR COMPANY Berkeley, Calif. 
JERGENSEN COMPANY, EARLE M. Los Angeles 
Kay-BRUNNER STEEL CasTING COMPANY Los Angeles 
KEESE ENGINEERING CORPORATION Hollywood, Calif. 
KELLY REAMER COMPANY Cleveland 
Knapp CoMPANyY, JAMES H. Los Angeles 
L. A. AUTOMOTIVE WorRKS Los Angeles 
LEEDS AND NoRTHRUP COMPANY Philadelphia 
‘LerTzZ, INCORPORATED, E. New York City 
LinDE AiR Propucts COMPANY New York City 
LUDLUM STEEL COMPANY Watervliet, N. Y. 
MERCO NORDSTROM VALVE COMPANY San Francisco 
MACHINISTS’ TooL AND SuPPLY COMPANY Los Angeles 
Morse Twist DRILL AND MACHINE COMPANY New Bedford, Mass. 
NATIONAL Twist DRILL AND TooL COMPANY Detroit 
New DEPARTURE MANUFACTURING COMPANY, Bristol, Conn. 
NorMA-HOFFMAN BEARINGS COMPANY Stamford, Conn. 
NORTHWESTERN MANUFACTURING COMPANY Milwaukee 
NvuTraLL Company, R. D. Pittsburgh 
PACIFIC ABRASIVE SUPPLY COMPANY Los Angeles 
Paciric Factory 

PANGBORN CORPORATION Hagerstown, Md. 
PENTON PUBLISHING COMPANY Cleveland 
PLoMB TooL COMPANY Los Angeles 
Purox COMPANY Denver 
REGAN FORGE AND ENGINEERING COMPANY San Pedro, Calif. 
Srmonps Saw AND STEEL COMPANY Los Angeles 
SLEEPER AND Hart ey, INc. Worcester, Mass. 
SmirH-Bootu-UsHER Los Angeles 
SnyDER Founpry Suppty CoMPANY Los Angeles 
SOUTHERN CALIFORNIA EDISON COMPANY Los Angeles 
SOUTHERN CALIFORNIA IRON AND STEEL Los Angeles 
SPENCER TURBINE COMPANY Hartford, Conn. 
SPINDLER AND SAUPPE San Francisco 
STANDARD OIL COMPANY Los Angeles 
STANDARD TOOL COMPANY Cleveland 
STEEL PUBLICATIONS Pittsburgh 
STERLING ELEcrric Motors INo. Los Angeles 
Stoopy COMPANY Whittier, Calif. 
STRAND AND CoMPANY, N. A. Chicago 
TIMKEN STEEL AND TUBE COMPANY Canton, Ohio 
U, 8. ELEorrRIcCAL MANUFACTURING COMPANY Los Angeles 
VANADIUM CORPORATION OF AMERICAN New York City 
WELDING ENGINEER Chicago 
WESTERN Drop Forcr CoMPANY Vernon, Calif. 
WESTERN MACHINERY WORLD San Francisco 
WESTERN TYPE AND STEEL COMPANY San Francisco 
WESTINGHOUSE ELECTRIC AND MANUFACTURING Co, Pittsburgh 
WHITMAN BaRNES-DETROIT CORPORATION Detroit 
WHITNEY MANUFACTURING COMPANY Hartford, Conn. 
Witcox Company, E. A. Los Angeles 
WILSON-MAEULEN COMPANY New York City 
Wisconsin Evecrric Company, Inc. Racine, Wis. 


} 


yer 
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ENGINEERING EXTENSION DIVISION 


p= JOHN F. KELLER of the Engineering Extension Department of 
Purdue University is again with the Society for the fall months, as an- 
nounced in an earlier issue of the TRaNsacTions. He has successfully com- 
pleted the first series of his six lecture course, ‘‘Steel and Its Treatment.’’ 
The communities included are given below, together with the registration. 


Springfield Bridgeport 
Hartford Worcester 
New Haven 


The response to this work has been most gratifying, and was due largely 
to the cooperation of Chapter officers, local chambers of commerce and a de- 


a 


Springfield Engineering Extension Class. The Largest Class yet Organized, An Enrollment of 215. 


sire on the part of industries to spread the knowledge of iron and steel. This 
year each man received a copy of Professor Keller’s book ‘‘ Lectures on Steel 
and Its Treatment’’ which is the written record of his lectures. 


The second series of lectures is being given in eastern Pennsylvania and 
New York. 


ONTARIO CHAPTER 


On Friday, October 26, at the Parkdale Canoe Club, E. R. Frost, president 
of the National Machinery Company, Tiffin, Ohio, spoke on the ‘‘ Upset Method 
of Forging.’’ There were 160 men who turned out to hear Mr. Frost and to 
see his motion pictures which showed upsetting operations in a remarkably 
clear manner. 

The interest of this chapter was shown by the discussion that followed. 


Very accurate work can be done by this method, thus saving both time and 
labor, 


At a luncheon meeting of the executive committee it was decided to change 
the name of the Toronto Chapter to the Ontario Chapter that all the industrial 
section of the province might be properly included in our chapter. This act 
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Ontario Chapter at Parkdale Canoe Club, Friday, October 26. There were 160 Men Present. 
and proper by-laws to guard the interests of all communities were ratified by 
the evening meeting. 


H. Kenneth Briggs, assistant national secretary, spoke on the work of 


the ‘A. 8S. S. T. and aided in working out the details of the expansion of the 
chapter. 


UNAUDITED FINANCIAL STATEMENT OF THE AMERICAN 
SOCIETY FOR STEEL TREATING 
In connection with the statement published herewith, we wish to state 


that Messrs. Ernst & Ernst, Certified Public Accountants, have been employed 
and are auditing our records quarterly, and a certified Balance Sheet, together 
with a statement of Income and Expense, are to be submitted by them as of 
the close of business December 31, 1928, which will be published in Trans- 
ACTIONS some time early in 1929. 


UNAUDITED PROFIT AND LOSS STATEMENT 
AMERICAN SOCIETY for STEEL TREATING 


For the period from January 1, 1928, to September 30, 1928 
INCOME 
Membership Dues $ 46,525.70 
Sustaining Exhibit Memberships 5,300.00 


DM chads ctu een wun hes oi dben cneedneeaeobne $ 51,825.70 
Apportionment of Dues to Chapters 19,904.52 $ 31,921.18 
Transactions Advertising $ 32,425.27 

Subscriptions 1,599.55 

Sales 681.76 

970.67 
1,092.25 36,769.50 


‘ 2,934.97 
General Index 14.40 


Data Sheets, Binders and Books 1,284.85 
Data Sheet Book Advertising . 7,025.00 
Pencils, Pins and Buttons 64.12 
Extension Division 6,255.00 
Interest Earned 3,371.89 
Interest Earned—-Howe Medal Fund 61.99 
Discount Earned 712.35 
Sundry Income 68.15 
1928 Convention Advance Receipts—Deferred.$59,829.90 

Western Metal Show Advance Receipts — 

Deferred ; 
TOTAL INCOME $ 90,483.40 
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EXPENSE 

Support of Chapters g 651.08 
[‘ransactions 32,996. 
Reprints—Purchase for Resale 920.28 
Bindery—Purchase for Resale 1,448.28 
Books—For Library 858.11 
Books—Purchase for Resale 2548.04 
John F. Keller Book 1374.59 
Data Sheets, Binders and Books 10,906.47 
Pencils, Pins and Buttons—For Resale 59.79 
Extension Division 2,369.41 
Semi-Annual Meeting-—Montrcal 512.07 
Recommended Practice Committee 2.804.238 
Finance Committee 112.98 
Publications Committee 1,001.05 
Directors 2.012.238 
President’s Office 241.87 
Treasurer’s Office 4,271.54 
Secretary’s Office 12,141.34 
General Expense 8,410.75 
1928 Convention Prepaid Expense—Deferred.$25, 

1928 Convention Prepaid Expense—Deferred. 

Western Metal Show Prepaid Expense — 

Deferred 


va 
io 


TOTAL EXPENSE $ 85,140.86 


$ 5,342.54 


EXCESS INCOME OVER EXPENSE 
BALANCE SHEET as of September 30, 1928 


ASSETS 
CASH 

Petty Cash Fund 100.00 

Commercial Account ... 13,387.49 

Savings Accounts 29,664.56 $ 43,152.05 
SECURITIES 

U. S. Government Bonds $ 28,000.00 

Other Securities 98,475.00 

Accrued Interest .§ 126,557.99 
Accounts Receivable 


8,000.88 
Inventory 4,535.70 


Travel Advances—Officers, Employees and Chapters 
Office Furniture and Fixtures 
Deferred Expense on Conventions 


TOTAL ASSETS 
LIABILITIES 
Apportionment of Dues to Chapters 
Reserves 
Deferred Income on Conventions 
Surplus—January 1, 1928 
Less—Adjustments for previous periods 


7,656.35 
4,034.13 
28,867.12 


$ 1,517.64 
45,500.00 
62,744.90 
$109,783.79 
2,084.65 


$222,804.22 


$107,699.14 
Plus Excess over Expense during period from January 1 
to September 30, 1928 113,041.68 


TOTAL LIABILITIES RESERVES AND SURPLUS.... 


VOLUME XIV COMPLETED 


HIS issue of TRANSACTIONS completes Volume XIV, which covers the 
period from July, 1928, through December, 1928. Volume XV _ will 
include the period from January, 1929, through June, 1929. The index for 
Volume XIV is now ready for distribution and may be secured upon request. 
Those desiring to have their loose copies of Volume XIV bound in 
accordance with the style used in binding Volumes I to XIII, inclusive, may 
do so by forwarding them to the executive office of the society, 7016 Euclid 


Avenue, Cleveland, together with $2.00 per volume, and they will be bound 
and returned promptly. 
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News of the Chapters 


SCHEDULED MEETING NIGHTS OF CHAPTERS 


For the convenience of visiting members, those chapters having scheduled 
meeting nights are listed below. 


Boston—First Friday. H. E. Handy, secy., Saco-Lowell Shops, Lowell 
Mass. Phone, Lowell 4050. 


Dec. 7—Plant inspection, West Lynn Plant General Electric Co. 
Duralumin and other Aluminum Alloys oe 
Motion Picture ‘Industrial Electric Heating” 

Jan, 4—Nitralloy and the Nitriding Process.............. Dr. V. O. Homerberg 
Motion Picture ‘‘Heat Treating with Gas.’ 

Feb. 1—Manufacture and Heat Treatment of liad . W. Ce ok 

ee. a rrr eee ee ee Jordan Kory 

Apr. 5—Plant inspection, Fore River Yards, Bethlehem Shipbuilding Corpo: 
tion, Quincy. 
Welding . W. Miller 
Motion Picture ‘‘Welding”’ 

May 3—Annual Meeting 
Quenching ra 


. Knerr 


CHIcAGoO—Second Thursday. J. A. Comstock, secy., Peoples’ Gas Light & 
Coke Co., Chicago. 


Dec. 18—-Heat Resisting Alloys . A. Fahrenwald 
Jan. 10—Nitriding ’. O. Homerberg 
Feb. 14—Drop Forgings ‘.R. B. Schenck 
Mar, 14—Machinability of Metals . H. d’Arcambal 
Apr. 11—-Theoretical Metallurgy Zay Jeffries 
ee ee EO ED od oe ce Weeeneeesoenbesedces J. F. Keller 
June 8—Annual Picnic. 


CLEVELAND—Third Monday. J. 8. Ayling, secy., Case Hardening Service 
Company, Cleveland. Phone, Atlantic 0293. 


Dec. 17—Forging 

Jan, 21—Fuels and Furnaces 

Feb. 18—-Chemisiry of Steel j 

Mar. 18—-Physical Metallography of Stcel . Zay Jeffries 


DayYTtoN—Third Monday. Fred M. Reiter, secy., Dayton Power and Light 
Co., Dayton, Ohio, 


Dec. 17—Pyrometry and Automatic Temperature Control ©. 8. Gordon 
Jan. 21-—Production Heat Treating . M. Spears 
Pee Renner Se BO rea cia ss ceeeceebecessveccneeseces J. W. Bolton 
Mar. 18—Open for Requested Selection. : 
Apr. 15—Subject to be Selected P. D. Merica 
May 20—Program Entirely at Wright Field ..........+..... J. B. Johnson 
June Meeting—Annual Banquet. 


Detroit—J. G. Gagnon, secy., Hudson Motor Car Co., Detroit. Phone, 
Lennox 3232. 


Dec. 17—Social Meeting. 

Jan. 21—Fatigue of Metals 

Feb. 18—~—Metal Stamping 

Mar. 18—Relation of Metallurgist to Management Cc. F. Kettering 

Apr. 14—Classification and Applications of Tool Steels ....To be announced 

May —Ann Arbor Meeting, date, subject and speaker to be announced 
. later. 


GOLpEN GATE—Third Wednesday. H. E. Morse, secy., Morse Laboratories, 
San Francisco. 
Dec, 12—-Welding and Welded Sections. 
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Jan. 16—Meeting left open in order to arrange program for National Society 
members from Convention. 

Feb. 20—Corrosion and Oorrosion Resisting Materials. 

Mar. 20—Aircraft Materials. 

Apr. 17—Heat-Treating Steel and Cast Iron Castings. 

May 15—Structural and Railroad Steels. 

June 19—Pyrometry. 


Hartrorp—Second Tuesday, with the exception of January 15. H. I. Moore, 
secy., Firth Sterling Steel Co. Phone, 6-5554 Hartford. 


Dec. 11—Cast Iron . W. Blackwood 
Jan. 15—Some Present Trends in Engineering Steels ». E,. MacQuigg 
Feb. 12—Electric Heat in Industry Motion Picture Lewis Knapp 
Mar. 12—Bronze Bearing Metals and Their Heat Treatment ..C, H. Bierbaum 
Apr. 9—Globar Heating Elements and Their Application to Heat Treat- 
ing Furnaces 
May 14—Nitralloy and the Nitriding Process 
June 11—Tenth Annual Banquet. 


[NDIANAPOLIS—Second Monday. N. R. Gorsuch, secy., Citizens’ Gas Co., 
Indianapolis. 


Dec. 10—Steel Failures and How to Produce Them . B. Knowlton 

Jan. 14—Fatigue of Metals H. F. Moore 

Feb, 11—Ask Me Another; Speakers—<A Those with a Question or an 

Answer. 

Mar. 11—Manganese Steels . H. Hall 

Apr. 8—lIndiana Meeting. 

et ee CELINE 86 sp nisic oc Veeder rcvecccccscccesecd J. B. Johnson 

June 1—Second Annual June Frolic. 
MonTREAL—D. G. MaclInnes, secy., 377 
Montreal. 


Claremont Ave., Westmount, 


Dec. 1--—-Smoker and Entertainment 

Jan. 14—Corrosion of Steel 

Feb. 11—Manufacture of High Strength Iron 

Mar. 11—Modern Developments in Locomotive Forgings 

Apr. 8—-Centrifugal Pipe in Sand Molds ................ J. T. MacKenzie 


New HaveEN—-Third Thursday, with the exception of November 22 and May 
23. F. E. Stockwell, secy., Standard Oil Co. of New York. Phone, 
Beacon 1520, Pioneer 9940. 


Dec. 20—Jewels of Industry—Moving Picture. 

i Decks CRS Ga we SON EEA Ces ee tece cette N. L. Mochel 
Feb, 21—Nickel Chromium Alloys in Gray Iron D. M. Houston 
Mar, 21—Chromium Plating William Blum 
Apr. 18——-Non-Ferrous Metals 

May 23—Subject to be announced later .......... 6 cece ee eee ee eeed A. Cook 
June Annual Outing. 


New Yorx—T. N. Holden, Jr., E. W. Bliss Co., New York City. Phone, 
Sunset 9000. 


Dec. 10—-The Early History of Chromium Steel and Ferrochromium 
three speakers closely associated with the developments, 
Jan. 14—-No definite subject, meeting planned especially for New Jersey 
members B. F. Shepherd 
Feb. 18—-Use of Steel in Subway Construction ............4: J. R. Slattery 
Notre DAME—Second Thursday. C. E. McDermott, secy., 511 E. Howard 


St., South Bend, Ind. 


PITTSBURGH—First Thursday. H. L. Walker, secy., 414 Tripoli, Pittsburgh, 
North Side Station. 


WASHINGTON-BALTIMORE—Third Friday. J. E. Crown, secy., 727 Fifth St., 
Washington. 


December—The Age of Speed, movie and lecture 
January -——Steel Castings 
February —Recent Developments in Copper Alloys 
March -—Corrosion of Metals 
(Three lectures—joint meeting with several other scientific 
societies in Washington) 
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April ~—~Metallurgical Applications of Vanadium Jerome Strauss 
May —Open 


WoRCEsTER—C, G. Johnson, secy., Worcester Polytechnic Institute. Ph ne, 
P110, 


ann, ie | RR ee adet cee euéeces F. G. Hughes 
January Mecting—-Mechanical Working of Steel ............: A. W. F. Green 
February Meeting—Practical Heat Treating Troubles W. 8. Bidle 
March Meeting—-Plating of Metals—Speaker to be announced later. 

April Meeting eee to be announced later. 

May Meeting——Subject and speaker to be announced later. 


STANDING OF THE CHAPTERS 


URING the month of October there were 270 new and reinstated mem 

bers, while 144 were lost through non-payment of dues and 10 through 
resignations and deaths, leaving a net gain of 116 members for the month. 
The total membership of the society on November 1, 1928, was 5,005. 


GROUP I GROUP Il GROUP III 
. Detroit 489 . Los Angeles 170 
. Chicago 438 . Hartford 146 
3. Pittsburgh 372 3. Golden Gate 126 
. New York 322 . Lehigh Valley 120 
5. Philadelphia 321 5. Milwaukee 117 
3. Cleveland 299 ). Cincinnati 107 
. Boston 256 7. St. Louis 102 
. Dayton 100 
. Indianapolis 95 
. Canton-Mass. 89 

. Syracuse 85 Schenectady 

. Buffalo 84 . Springfield 
. Montreal 71 11. Notre Dame 

. North-West 56 12, Fort Wayne 


_ 


New Haven 

. Tri-City 
Worcester 
Washington 
Ontario 

. Rockford 
Rochester 

. Providence 
Columbus 
Southern Tier 


* 
- 


wet 


3. 
4. 
5 

6. 
7 

8. 
9. 


— 
~ ? 


GROUP I—All the chapters in Group I remain in the same position 
they held last month; however, they all had gains, Detroit having the largest 
with eleven and Pittsburgh and Boston with nine each. 

GROUP II—Los Angeles, while holding first place, also leads its group in 
increase of membership, having added nine to its rolls for the month. The 
tie between sixth and seventh positions last month was broken by Cincinnati’s 
gain of three and St. Louis’ loss of two, Cincinnati gaining sixth place. Syra 
euse with a gain of five exchanged places with Buffalo, who goes into twelfth 
place. Three chapters in this group suffered losses, while the others all made 
additions to their rosters. 

GROUP IlIl—Worcester and Washington, each losing two members, ure 
still tied for third and fourth places. Toronto Chapter, on becoming the 
Ontario Chapter, added sixteen names to its membership, goes into fifth posi- 
tion, displacing Rockford, Rochester and Providence in one step. This chapter 
is due to come up higher, so those just ahead of it should take heed. We are 
pleased with the showing of the Notre Dame Group, which increased its rolls 
by thirteen, resulting in a tie with Springfield. 
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NEWS OF THE CHAPTERS 
BOSTON CHAPTER 


The November meeting of the Boston Chapter was held at Massachusetts 
Institute of Technology, Cambridge, on Friday, November 9, 1928. Dinner was 
served in Walker Memorial at 6:30 p.m. and was attended by more than 75 
members and guests. An invitation had been sent to all members of the New 
England Foundrymen’s Association and many of them were present at both 
the dinner and the evening meeting. 

The guest speaker of the evening was Dr. W. H. Hatfield, director of the 
Brown-Firth Research Laboratories, Sheffield, England, whose subject was 
‘Cast Lron.’’ He was introduced by Prof. G. B. Waterhouse with whom he 
had attended Sheffield University, and with whom he has been in intimate 
touch over a long period of years. 

Dr. Hatfield spoke in general on the modern developments in cast iron 
manufacture, such as pearlitic iron, the advantage of co-operative research 
associations, the manufacture of the lower carbon high test cast irons and the 
use of alloys in the production of better castings. The talk was followed by a 
long discussion which lay chiefly along the lines of a comparison between methods 
of manufacture and tests in England and the United States. This discussion was 
led by Dr. Waterhouse and among those taking part were Dr. Albert Sauveur, 
of Harvard University; F. F. Harrington, of Hunt Spiller Mfg. Corp., a former 
president of the New England Foundrymen’s Association; and J. 8. Vannick, 
development engineer of the International Nickel Company, all of whom dis- 
cussed principally the effect of nickel and chromium in cast iron as regards 
physical properties and machinability. At the conclusion of the discussion a 
rising vote of thanks was tendered to Dr. Hatfield for a most enjoyable eve- 
ing and most of the two hundred present remained to meet the Doctor 
personally. 

During his stay in Boston Dr. Hatfield presented two lectures before the 
students of M. I. T., many of the members of the Boston Chapter accepting 
the invitation of Dr. Waterhouse to attend. These lectures, ‘‘ The Application 
of Science to the Steel Industry’’ and ‘‘ Acid and Rust Resisting Steels’’ were 
fully illustrated and greatly enjoyed by those able to attend. 


Howard E. Handy 
CHICAGO CHAPTER 


The second meeting of the year for the Chicago Chapter was held Octo- 
ber 4, at the City Club. An innovation in chapter history was inaugurated, 
and the ladies were invited to see what a steel treaters’ meeting was like. 
The response was good, and about a hundred and fifty, including the ladies, 
were present. A steak dinner was the important leader in the sequence 
of events, eaten to the tune of a screened string orchestra, and seemingly 
enjoyed by all. 

After the chairman, A. M. Steever, had welcomed the ladies, founder 
member T, E, Barker arose and gave a brief eulogy of founder member 
Arthur G, Henry, who had so suddenly passed away just one year previously. 
The whole chapter then stood in silence for a moment with bowed heads in 
memory of the man who had done so much for the A. 8. 8. T., both locally 
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and nationally. He now lies in his old home town in Wisconsin; und 
monument erected by the Chicago chapter and his A. 8. 8S. T. friends bea 
a bronze tablet which tells of the love and honor in which the Soc 
holds his memory. This information, together with a statement to 
effect that the Chicago Chapter has guaranteed perpetual care to this last 
resting place, was given by W. R. Mau, who headed the committee which 
made these arrangements. 

After an announcement by the secretary, J. A. Comstock, of the special 
train to Philadelphia for Chicagoans and neighboring society members, the 
chairman called on the visiting chairman of St. Louis Chapter, W. E. Rem- 
mers. Mr. Remmers gave an invitation to visit his chapter to anyone who 
was likely to be in St. Louis on meeting night. 

The address of the evening was one in which technical interest was 
combined with general interest, particularly to the ladies. Robert S. Archer, 
metallurgist of the Aluminum Company of America, was the speaker, and 
his subject was a broad one, ‘‘ After The Iron Age Comes Aluminum.’’ Mr. 
Archer outlined the short history of this important metal, and then told of 
the present processes of manufacture, mentioning the mammoth million 
horsepower plant now operating in Quebec. He then spoke of the present 
commercial grades of aluminum and mentioned its principal uses. A mov- 
ing picture of the manufacture of aluminum cooking utensils, of particular 
interest to the ladies, was presented, and Mr. Archer then closed with a 
description of the principal metallurgical and engineering features of his 
subject. He displayed samples illustrating different processes of manufac- 
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ture, including rolled and extruded products, forgings, and sand, permanent 
mold, and die-cast parts. His talk was so complete, and the ground was 
covered so thoroughly, that there was not much left to be discussed, and 
the discussion was brief. The meeting closed with a rising vote of thanks 
to the speaker for an able talk, well presented. D. L. Colwell. 


GOLDEN GATE CHAPTER 


The October meeting of the Golden Gate Chapter was held on the 
evening of October 10, 1928, at the plant of the Hall-Scott Motor Car Co., 
division of American Car and Foundry Motors Co., Berkeley, California. 
The meeting was preceded by a dinner served in the factory cafeteria. 

The Hall-Seott Motor Car Co. had prepared a most interesting program 
and plant visit, which was thoroughly appreciated by the large number 
present. After the dinner the meeting was called to order by Mr. Edwards. 
chairman of the program committee, who introduced C. L. Warwick, secre- 
tary of the American Society for Testing Materials, who was our guest for 
the evening. Mr. Warwick delivered an interesting talk outlining the work 
and aims of his society. He explained the relationship between his society 
and ours, and the cooperation which has produced the standards and rec- 
ommended practices which have been published. Inasmuch as this was Mr. 
Warwick’s first visit to the Pacific Coast, we were much pleased to have 
been able to meet him in this way. 


The meeting was next broken up into small parties, each one led by a 
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cuide, who took us through the plant, which was in operation. The in- 
spection was very interesting and thorough. 

We then returned in order to hold the meeting proper, which was called 
to order by Dr. Cook. P. P. Mapes, in charge of the metallurgical in- 
spection at the plant, delivered an interesting address on his methods, which 
was followed by an inspection of his testing laboratory. 

H. E. Morse. 


LEHIGH VALLEY CHAPTER 


The October meeting of the Lehigh Valley Chapter was held at the 
Exhibit Building of the Bethlehem Steel Co. on Friday evening, October 5. 
The occasion was marked by a thoroughly enjoyable and instructive illus- 
trated talk by Dr. C. H. Herty, Jr., supervising metallurgist, Bureau of 
Mines, Pittsburgh. 

While the subject of Dr. Herty’s talk was ‘‘The Manufacture of Alloy 
Steels in the Open-Hearth Furnace,’’ Dr. Herty not only covered this 
subject, but gave also a very illuminating discourse on slag and metal 
reactions in the basic open-hearth furnace and their effect upon the quality 
of the finished steel. In this connection Dr. Herty pointed out that the 
three important factors in the production of clean steel are proper slag 
viscosity, low oxide content in the slag at the time of tapping, and a brisk 
boil during the working of the heat. Many of the details of Dr. Herty’s 
talk are covered in recent papers read before the society, representing 
several years of very valuable work conducted under his supervision at the 
Bureau of Mines. The talk was followed by a lively and gratifying dis- 
cussion of the various points touched upon by Dr. Herty in his lecture. 
The Chapter feels very fortunate in having had a session of this nature, 
so filled with valuable information, and looks forward to a number of 
equally practical talks during the present season. J. R. Killmer. 


MILWAUKEE CHAPTER 


The October meeting of the Chapter was featured by a very interesting 
talk by Dr. F. B. Coyle of the International Nickel Co. on the ‘‘Use and 
Effects of Nickel and Chromium in Cast Iron.’’ 

Due to the appeal of this subject matter to foundry men in general, 
the members of the Gray Iron Research Group and the University of Wis- 
consin were invited to attend and were present in good number. 

After the dinner, which was unusually well attended, Dr. Coyle began 
his lecture which was accompanied by a number of slides showing the ef- 
fects of various percentages of nickel and chromium and combinations of 
both on cast iron. The meeting was then open for discussion and quite a 
number of comments were brought forth from members of this audience 
who were interested in alloy cast iron and had some experience in the use 
of it. 

The meeting then adjourned with a rising vote of thanks to the 
speaker, L. J. Radermacher. 


~ ae er re Ar 
ee 


3 





TRANSACTIONS OF THE A.8.S8.T. December 


NEW HAVEN CHAPTER 


The second meeting of the New Haven Chapter was held at the Hep 
penstall Forge Co., Bridgeport, on Thursday, October 18, at 6 P. M. Forty 
members and guests enjoyed a very fine buffet lunch supplied by the above 
company. Included in the menu were clam chowder, liver and bacon sand 
wiches, steak sandwiches, potato salad, coffee and ice cream. 

Having finished the dinner the members were taken for a trip through 
the forge shop and heat treating department. The most fascinating sight 
was the forging of die blocks under the large hydraulic press. These die 
blocks, the average weight of which is about 1200 pounds, were upset on 
all six sides and handled very easily by a manipulator. This machine has 
two arms, is operated by one man, and is almost human. The one remark. 
able feature is that it takes but two men to transform a rough block of 
high grade alloy steel into a finished die block in such remarkable time, 
about 7 minutes. 

The heat treating department was next visited. It is one of the most 
modern in the country for the heat treatment of large and small forgings. 
The large car type oil burning furnaces are equipped with electrically con 
trolled valves and recording instruments. A uniform temperature is very 
easily maintained throughout the entire furnace. The oil quenching sys- 
tem is also very unique in its cooling properties and a very uniformly 
hardened product is obtained. 

The meeting was opened by Chairman Fish at 8 P. M. There were 58 
members and guests present. Paul Eddy, our past chairman and representa 
tive to the annual convention, gave a report of the membership and finan 
cial condition of the National Society. 

Horace W. Staples, metallurgist of the Bristol Brass Co. gave a very 
interesting talk on the ‘‘Uses and Applications of Copper and Copper Al 
loys.’’ The subject was very well received and a lively discussion followed. 
It is hoped that Mr. Staples will address us again in the near future. 

It is very encouraging to see the spirit which is shown by the members 
in attending the meetings which are held in three cities, New Haven, Water- 
bury and Bridgeport. The following cities were represented: 


Bridgeport 28 Wallingford 
New Haven 10 Waterbury 
Ansonia Seymour 
Hartford Derby 
Milford Bristol 


The attendance prize, a pair of gloves, presented by Chairman Fish 
of the Ready Tool Co., was won by Irving Mitchell of the BR. Wallace & 
Co., Wallingford. We are very glad to welcome a new member, Frank 
Quinlan, engineer of tests of the New York, New Haven and Hartford Rail- 
road. 

Our next meeting will be held in the auditorium of the Chase Metal 
Goods Co., Waterbury. Jordan Korp, service engineer of the Leeds and 
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Northrup Co., will talk on the ‘‘Procedure of Correct Hardening.’’ 
So, on to Waterbury. R. T. Porter. 
ONTARIO CHAPTER 


The Ontario Chapter is the new name of the Toronto Chapter, expanded 
to inelude the territory around Hamilton, Brantford, Galt, Guelf, Kitchener 


and Welland, Ontario. For a long time there has been a growing demand 


for a Group in this territory both from the scattered body of members resid- 
ing therein, and from the industries of that section. 

The prime movers met together at the Philadelphia Convention and felt 
that this consolidation was desirable. The details were worked out and the 
consolidation ratified by a meeting at the Parkdale Canoe Club, Toronto, on 
October 26. 

A set of by-laws guards the interests of all communities and insures half 
the meetings in the new territory centering at Hamilton and half at Toronto. 
Representation on the executive committee is to be in proportion to the num- 
ber of members in each community. The new territory is represented by 
Hugh F. Davis, International Harvester Company, Hamilton and Bruce Donald, 
Verity Works, Massey-Harris Company, Brantford and four others to be se- 
lected in the immediate future. 

Best wishes of the society go to the Ontario Chapter. 


PHILADELPHIA CHAPTER 


The co-operative course in heat treatment and metallography of steel, 
given at Temple University under the auspices of the Philadelphia Chapter, 
held its first meeting of the current school year on October 15. 

The first year students, taking the full course including one lecture 
hour and three laboratory hours per week, number sixty-five; four men are 
taking the lectures only, and ten former students have enrolled for the 
advanced course, for the solution of practical heat treating and metal- 
lurgical problems. 

Temple University’s exhibit at the National Metal Exposition was an 
important factor in the unusually large enrollment this year. The exhibit 
attractively displayed the benefits to be derived from taking the course 
and showed some results secured by former students in reducing produc- 
tion costs and increasing service from heat treated parts. The walls of the 
booth were decorated with photographs taken in the metallurgical labora- 
tory and of other points of interest about the University. A most artis- 
tically illuminated model of the new Temple University created a great 
deal of interest. The new University is now under construction, and when 
finished will provide a modern laboratory well fitted to house the complete 
and excellent equipment now owned by the course. 

Two members of the metallurgy class alumni association were in at- 
tendance at the booth each day, to receive inquiries and furnish informa- 
tion relative to the course and the University. The alumni also turned 
out to assist in the laboratory, during the inspection trip arranged to af- 
ford the visiting delegates an opportunity to see Temple. 





TRANSACTIONS OF THE A.S8.S8.T. December 


Horace C. Knerr, director of the course, and his associates were voted 
an expression of appreciation by the Philadelphia Chapter for this con 
structive educational work, which was partly responsible for the award to 
the chapter, of the bell and gavel, for the year 1928-1929. 


A. M. Lindsley. 
PITTSBURGH CHAPTER 


The Pittsburgh Chapter held its November meeting on the evening of the 
first at the U. S. Bureau of Mines Building. 

Chairman McInerney called the meeting to order and, after conducting 
a short business session, welcomed Marcus Grossmann, metallurgist of the 
Central Alloy Steel Company of Canton, Ohio, as the speaker of the evening. 

Mr. Grossmann introduced his subject, ‘‘Chrome-Iron and Related Alloys,”’ 
with a few preliminary remarks and then proceeded to give a most compre- 
hensive outline of the making, heat treating and fabricating of this material. 
He pointed out some of the earlier difficulties experienced and later overcome 
in fabricating chrome-iron for certain commercial uses. Among the com- 
mercial uses to which it had been put, he showed samples of tubing, plates, 
rivets, wire screen and cooking utensils. 

He pointed out the general types of chrome-iron and explained their po 
sition and heat treatment characteristics in the iron-chromium diagram at 
elevated temperatures. 

When Mr. Grossmann had concluded his talk, an exceptionally lengthy 
and general discussion took place which was only ended by the lateness of the 
hour. The appreciation of the chapter was extended to Mr. Grossmann by 4 
hearty applause at the adjournment. 

The chapter was glad to be visited by James O. Handy of the Pittsburgh 
Testing Laboratory who now resides in the New York district. 
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John A. Succop, chairman of the chapter’s meetings and papers commit- 
tee, extended a much appreciated invitation to the chapter in behalf of the 
Heppenstall Forge and Knife Company to attend a demonstration on Friday 
afternoon, Nov. 16, of two 600-pound capacity Ajax Northrup Induction 
Type Furnaces which have recently been installed in this company’s plant. 

The December meeting of the Pittsburgh Chapter will be a social affair 
at the Faculty Club to which the members will bring guests and the evening 
will be given over to various entertainment features. 

There was no regular October meeting held by the Pittsburgh Chapter 
as the members were invited to attend the three lectures given by Dr. W. H. 
Hatfield at the Carnegie Institute of Technology on the evenings of October 
16, 17 and 18. Harry A. Neeb, Jr. 


ROCHESTER CHAPTER 


The first meeting of the Rochester Chapter was held at the Hotel Osburn, 
September 10, preceded by a dinner, which was well attended by members and 
guests. 

After the dinner, the chairman, C. F. Wattel, called the meeting to order, 
and after a short business session the speaker, Owen K. Parmiter, metallurgical 
engineer of the Firth-Sterling Steel Co., was introduced who presented a most 
interesting paper dealing with ‘‘Chromium Steels.’’ 

Mr. Parmiter began his talk by stating that there have been many new 
high chromium steels put on the market in the present century, but the two 
outstanding classes are a high tungsten group of which the modern high speed 
steel is representative, and the other a high chromium group which includes 
numerous varieties of steel. The author discussed in detail the various types 
of chromium steels of the tool steel type, the structural type and the stainless 
type. His paper was very interesting and considerable interesting and valu- 
able discussion followed. A rising vote of thanks was extended to Mr. 
Parmiter. H. J. LeClaire 

On September 29 thirty-five members and guests of the Rochester Chapter 
enjoyed an inspection trip to the Atlas Steel Corp. at Dunkirk, N. Y. The 
trip was arranged by the Educational Tours Committee of which R. H. Morris 
is chairman, 

The group left the Hotel Osburn at 7:30 a.m., arriving at the White Inn, 
Freedonia, N. Y., at 11:30 a.m., when the group were luncheon guests of the 
Atlas Steel Corp. 

After a brief talk by Mr. Lounsberry, vice-president of the company, ‘‘On 
what we would see at the mills,’’ all proceeded to that point. Members and 
guests were divided into groups with well informed guides, and a thorough 
inspection of the mill followed, including the melting, pouring, rolling, forging, 
laboratories, store rooms, inspection, grinding, heat treating, and many other 
things of interest. 

All who took this trip felt that the hours spent at the mills of the Atlas 
Co. had been well worth the time and appreciated the courtesy of the officers 
and employees of the above company. H. J. LeClaire 
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ROCKFORD CHAPTER 


The second meeting of the season was held Tuesday, October 23, in the 
Venetian Room of the Nelson Hotel. Forty members and guests attended 
the 7 o’clock dinner which preceded the meeting. 

Chairman R. M. Smith opened the business meeting at 8 p. m. 
the minutes of the previous meeting were read and approved. 

Swan Hillman, Rockford Chapter’s delegate to the recent Conventioy 
in Philadelphia. read his report, which was one of the most interesting and 
thorough reports ever presented by a delegate. Election of officers, papers 
presented, plant visitation, social activities, ete., were included in the r 
port. 

The speaker of the evening was F. B. Coyle of the International Nicke! 
Company of Bayonne, N. J., who spoke on ‘‘ Nickel and Chromium in Grey 
Cast Iron.’’ Mr. Coyle gave a very good talk, which was illustrated with 
lantern slides, showing effect of nickel and chromium in iron on various 
articles, such as cams on tractors, automobile parts; tensile strength of 
arbitration bars, etc. Following his talk a very interesting discussion took 
place. 

The meeting adjourned at 10:00 p. m. with a rising vote of thanks 
to the speaker. George R. Monks. 


and 


ST. LOUIS CHAPTER 


The regular meeting of the St. Louis Chapter was held Friday evening, 
Oct. 19, at the American Annex Hotel. 

The meeting was preceded by the usual fine dinner after which the 
meeting was called to order by our chairman, W. D. Thompson, and the 
minutes of the previous meeting were read and approved. A few short 
talks by. the various members who were at the national convention at Phila- 
delphia, of experiences they had while at the convention, were given. At 
this time Prof. George L. Clark, professor of chemistry, University of Illi- 
nois, consulting director, Industrial X-ray Research Laboratories of St. 
Louis, gave a paper on the ‘‘Service of X-rays in Steel Treating and Other 
Industrial Processes. ’’ 

Dr. Clark gave a general account illustrated with numerous lantern 
slides showing the astonishing new applications, achievements and possibil 
ities of the X-ray diagnosis, research and testing of industrial materials with 
special reference to the control of mechanical and heat treatment of metals 
and alloys. His lecture was based on researches at the Massachusetts In 
stitute of Technology and the University of Illinois, which has resulted in 
the establishment of a laboratory, the first of its kind in the United States, 
devoted entirely to the application of X-ray diffraction methods and the 
problems of industry of today. Questions were asked and answered very 
ably by Dr. Clark. We might add at this time that the Industrial Research 
Laboratories located in the Dick X-Ray Company Building, 3974 Olive 
St., St. Louis, extend a cordial invitation to visit the laboratories at 
any time. 
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The meeting was adjourned with a rising vote of thanks to Dr, Clark 
for his modern and instructive talk. Carl G. Werscheid. 


WASHINGTON-BALTIMORE CHAPTER 


The first meeting of the current season was held Monday, October 8, 
in the auditorium of the Interior Department Building. The usual dinner 
was held at the Cosmos Club and was well attended. 

For the speaker of the evening, the Washington chapter was very 
fortunate to secure Dr. W. H. Hatfield, who for many years has been as- 
sociated with the Brown-Firth Research Laboratories, England. Dr. Hat- 
field’s subject was, ‘‘The Application of Science to the Steel Industry.’’ 

The effects of design of molds upon the characteristics of the interior 
of ingots were discussed and many interesting slides were shown. The 
casting temperature was stressed as of much importance, as the structure 
can be made all fine grained if the casting temperature and rate of pouring 
are right. Creep in engineering materials at elevated temperatures was 
discussed and for the information of the designer, Dr. Hatfield advocates 
the time yield method. This consists in discovering by static loading, the 
stress within which, at the temperature, stability of dimensions is attained 
within a period of 24-hours, for a further period of 48-hours with an ex- 
tension not exceeding the elastic deformation by 0.5 per cent on the gage 
length. The limitation as regards measurement for permanence of dimen- 
sions is 0.01 per cent of the gage length. 

A lively discussion followed Dr. Hatfield’s paper. W. R. Angell. 


WORCESTER CHAPTER 


V. P. Maleomb, metallurgical engineer of the Chapman Valve Co., 
Indian Orchard, Mass., was the principal speaker at the second regular 
meeting of the Worcester Chapter held on Tuesday, Oct. 16. Mr. Mal- 
comb’s subject was ‘‘Castings’’ and his talk was very well received, mak- 
ing a ‘‘ big hit’’ with all who were present. The following is a brief resume 
of Mr. Maleomb’s talk: 

To make good, clean, sound castings requires standardization to the 
highest degree of all factors contributing to the manufacture of casting 
and continual research into details that influence each operation. These 
conditions of manufacture can only be obtained by large foundries and 
because they are so necessary to good casting it is difficult to see how small 
foundries can exist, knowing that they cannot maintain the departments 
necessary for proper standardization and research. 

Many foundries, large and small, are turning out castings that are ruin- 
ing the reputation of castings and compelling people to use forgings for 
greater strength. But the trouble is that forgings have the same defects 
that are apparent in castings and, like castings, can be unsound and non- 
uniform, Castings ean be made that compare favorably to forgings of sim- 
lar design, hut to make such castings requires the best of effort in all the 
operations. It is important to remember to get castings of strength com- 
parable to forgings often requires the best of heat treatment after casting. 
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Foundries are today trying to turn out castings that will give them a goo 
reputation for quality. 

Mr. Maleomb showed a number of pictures of methods in use in his 
foundry and also of castings that were bad, explaining their defectivenes. 
X-rays have played an important part in the investigation of defective cast. 
ings but Mr. Malicomb proved that they are not conclusive in their repor 
and at best, in the hands of a well trained man, they are only a good top| 
and have their limitations. 

One of the important developments is that of a physical test of th, 
pig iron. Mr. Malcomb has found that although the chemical test shoys 
pig iron the same, a physical test will show a marked difference. When pig 
iron does not meet their physical test it is rejected as they have found that 
such pig iron will make defective casting no matter what type of practic 
is used in molding, melting and casting. 

Sand should receive a lot of attention and it is necessary to keep 
constant check on its quality. The handling of the sand is quite a problen 
in itself. The sand should not be allowed to be mixed by the molders, be 
cause no two molders wiu get the same mixture. This should all be taken 
eare of at night and mixed to pass a standard test and when the molder 
comes to work in the morning his sand is all ready for him and he is not 
allowed to change its condition. The reclaiming of sand is at present a 
serious problem in most foundries. 

Mr. Maleomb’s talk covered a great many equally as interesting points 
in making good castings and all who were present at this meeting feel a: 
though they now can appreciate better the difficulty encountered by fou 
dries in their attempt to make better castings. It requires the co-opera- 
tion of everyone that influences the manufacture of castings and Mr. Mal: 
comb said that this spirit is becoming more apparent throughout the casting 
industry. Carl G. Johnson. 
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ITEMS OF INTEREST 


Items of Interest 


J. CURRAN, formerly metallurgist with the Henry Souther Engineer- 
]. ing Co., Hartford, Conn., is now with the Harrisburg Pipe Bending and 
Machine Co., Harrisburgh, Pa. 


R. M. Sandberg has been appointed general manager of the Columbia 
Tool Steel Co., Chicago Heights, Ill. Mr. Sandberg has been associated with 
the Columbia Tool Steel Co., in various capacities, for sixteen years. 


Eugene Bouton, supervisor of time study for the Chandler-Cleveland Motors 
Corp., has recently resigned his position and will now be connected with the 
J. I. Case Threshing Machine Co., Racine, Wis. 


Charles Pack has resigned as first vice-president and assistant general 
manager of the Doehler Die-Casting Co., and announces the establishment of 
a consulting office in the Woolworth Bldg., New York. 


The L. J. Wing Mfg. Co., 154 W. 14th St., New York, has recently 
published a booklet entitled ‘‘Improved Gas Producer Operation.’’ This 
booklet describes the Wing turbine blower and may be obtained by addressing 
a request to the above company. 

E. F. Houghton and Co., Philadelphia, has issued two booklets, ‘‘ Houghto- 
Clean for the Metal Industries,’’ describing the use of this product for 
cleaning metal products, and ‘‘ Hocut,’’ which covers this transparent, water- 
soluble, metal cutting coolant. These booklets may be obtained from E, F. 
Houghton Co., on request. 


A discussion of time control in heat treatment where distortion is detri- 
mental is given in bulletin No. 2808, issued by Stanley P. Rockwell Co., 
Hartford, Conn. 


‘*The Story of Newton Steel’’ is the title of a booklet recently issued 
by the Newton Steel Co., Youngstown, O., manufacturers of sheet steel for 
various purposes. 


Research Paper No. 25, entitled, ‘‘A Study of the Hydrogen-Antimony- 
Tin Method for the Determination of Oxygen in Cast Irons,’’ and Research 
Paper No. 26, entitled, ‘‘Note on the Effect of Repeated Stresses on the 
Magnetic Properties of Steel,’’ are available from the Government Printing 
Office, Washington. The price is 5 cents each. 


The Marshall Blow Pipe Co., 7431 Dubois St., Detroit, has recently 
developed an automatic continuous vertical forging machine. It is stated . 





34 TRANSACTIONS OF THE A.S.8.T. December 
that the furnace operates automatically, handling continuously such unwiel() 
parts as automobile rear axle housings and positively limits the application 
of heat to the area desired. 


Petty and Wherry, Inc., 50 Church St., New York City, have been appointed 
metropolitan distributors for the Buckwall Enginee:ing Co., Brooklyn, N. Y, 

Pot type electric furnaces for lead, salt and cyanide baths for ten 
peratures up to 1650 degrees Fahr., are described in a folder distributed 
by the American Metallurgical Corp., Boston. 


‘*Malleable Foundry Refractories’’ is the title of a pamphlet issued 
by the U. 8S. Department of Commerce, Bureau of Standards. This covers 
simplified practice recommendations for the elimination of waste through 
simplified commercial practice. This booklet may be obtained from th: 
U. 8. Government Printing Office, Washington. The price is 10 cents. 

Leeds and Northrup Co., Philadelphia, has available for distribution 
bulletin No. 500, entitled, ‘‘ Automatic Control of Acid Baths.’’ 


The Automatic Temperature Control Co., Philadelphia, announces that 
its Cleveland district office is now located at 5005 Euclid Ave. 


Bulletin No. 100 covering a pocket radiation pyrometer for high 


temperature service has been issued by the Colonial Supply Co., 217 Water 
St., Pittsburgh. 


A recent report issued by the commercial standards group of the 
department of commerce states that earlier attempts to establish standards 
for tool steels resulted in failure because of the unwillingness of manufac 
turers to submerge the individuality of their various brands. More recently 
a committee of the American Society for Testing Materials has made a 
more successful attempt to establish for tool steels some standards that do 


not prescribe the details of elements as do standard specifications for other 
steels. 


At a recent meeting of the metallurgical advisory board to the Carnegie 
Institute of Technology and the U. 8. Bureau of Mines in Pittsburgh 
announcement was made that the following published reports are now 


available for distribution: Bulletin 36. ‘‘Deoxidation with Silicon and the 
Formation of Ferrous-Silicate Inclusions in Steel,’’ by C. H. Herty, Jr., 
physical chemist, U. 8. Bureau of Mines, and G. R. Fitterer, research fellow, 
Carnegie Institute of Technology, and junior metallurgist, U. 8S. Bureau of 
Mines—1928, 94 pages and 27 illustrations, Price $1. Bulletin 37. ‘‘A 
Study of the Dickenson Method for the Determination of Nonmetallic 
Inclusions in Steel,’’ by C. H. Herty, Jr., physical chemist, and G. RK. 
Fitterer, junior metallurgist, U. 8S. Bureau of Mines, and J. F. Eckel, research 
fellow, Carnegie Institute of Technology—1928, 27 pages and 4 illustrations, 
Price 50 cents. 


(Continued on Page 36 Adv. Sec.) 
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The Inland Steel Co., Chicago, has distributed an illustrated booklet 
on Inland copper-alloy steel sheets. This includes data on tests conducted 
by a committee of the American Society for Testing Materials. 


Acid bulletin No. 1 of the American Manganese Bronze Co., Philadel- 
phia, describes various types of metals which resist the action of sulphuric 
acid. 

The Moltrup Steel Products Co., Beaver Falls, Pa., has issued a 100-page 
eatalog on cold-drawn and miscellaneous steel products. This catalog 
describes a wide variety of steel sections produced by the company, in- 
cluding a number of alloy steels. 


Improved methods of manufacture by the use of Hardtem die blocks 


are discussed in a recent folder issued by the Heppenstall Forge and Knife 
Co., Pittsburgh. 


A 32-page booklet describing 25 different classes of furnaces, ovens 
and melting pots used in the manufacture of electrical equipment, has been 
issued by the General Electric Co., Schenectady, N. Y. AH of these devices 
use current for the heating medium, the largest one deseribed is a car-type 
annealing furnace, the smallest is a glue pot. 


The claims for Carboloy as a material for metal cutting tools are set 
forth in a booklet issued by the Carboloy Co,, Inme., New York. 


The Bristol Co., Waterbury, Conn., has issued a catalog describing and 
illustrating _equipment for centra °d eéntrol with electrical transmitting 
and recording equipment. 


Announcement has recently been made of the organization of the Krupp 
Nirosta Co., Inc. It is stated that the purpose of the organization is for 
pooling alloy steel patents belonging to the Krupp Steel Works of Germany 
and the Ludlum Steel Co., Watervliet, N. Y. It is also stated that the Central 
Alloy Steel Corp., and the Firth-Sterling Steel Co. are interested in the 
agreement as licensees for the use of the patents. 


Another recent report states that representatives of the Krupp Co., and 
the General Electric Co. have made arrangements whereby a new cutting 
material, which has a cutting capacity far in excess of any high speed steel, 


will soon be put on the market. Basic patents on this material were held by 
the General Electric and Krupps. 


The fourth annual conference on welding will be held at Purdue 
University, Lafayette, Ind., Dec. 12 to 14. This conference is under the 
direction of the engineering extension department and the department 
of practical mechanics, with the school of chemical engineering and manu- 
facturers of welding equipment co-operating. 
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Canton, Ohio. 


CHICAGO CHAPTER 

A. M. STEeEVER, Chairman, 
Great Lakes Forge Co., 
Chicag». 

J. A. Comstock, Secy.-Treas., 
People’s Gas Light & Coke Co., 
Chicago. 


CINCINNATI CHAPTER 

G. M. Enos, Chairman, 
University of Cincinnati, 
Cincinnati. 

N. C. STROHMENGER, Secy.-Treas., 
Tool Steel Gear & Pinion Co., 
Elmwood Place, 

Cincinnati. 


CLEVELAND CHAPTER 

D. M. GurRNEY, Chairman, 
Warner and Swasey Co., 
Cleveland. 

JAMES S. AyLing, Secy.-Treas., 
Case Hardening Service Co., 
Cleveland. 


COLUMBUS. GROUP 

S. Z Krum, Chairman, 
Buckeye Steel Castings. Co., 
Columbus, Ohio. 

G. D. Mopssner, Secy.-Treas., 
Buckeye Steel Castings Co., 
Columbus, Ohio. 


DAYTON CHAPTER 

J. B. Jounson, Chairman, 
Chief of Material Branch, 
Wright Field, 
Dayton; Ohio. 

F. M. Rerrer, Secretary, 
Dayton .Power & Light Co., 
Dayton, Ohio. 


and: Officers 


L. H. GRENFELL, Treasurer, 
Frigidaire Corp., 
Dayton, Ohio. 


DETROIT CHAPTER 

F.°P. ZimMerui, Chairman, 
Barnes-Gibson-Raymond 
Detroit. 

J. G. Gae@non, Secy.-Treas., 
Hudson Motor Car Co., 
Detroit. 


FORT WAYNE GROUP 

H. B. KNow.ton, Chairman, 
International Harvester Co., 
Fort Wayne, Ind. 

M. W. Martin, Secy.-Treas., 
Northern Indiana Public Service Co., 
Fort Wayne, Ind. 


GOLDEN 
Dr. 


GATE CHAPTER 
WeLton J. Crook, Chairman, 
Stanford University, 
Stanford, Calif. 
H. E. Morse, Secy.-Treas., 

Morse Laboratories, 

954 Howard 8St., 

San Francisco. 


HARTFORD CHAPTER 

J. C. KreutmMan, Chairman 
The New Departure Mfg. Co., 
Bristol, Conn. 

H. I. Moorp, Secy.-Treas., 
Firth-Sterling Steel Co., 
Hartford, Conn. 


INDIANAPOLIS CHAPTER 

E. J. P. FisHer, Chairman, 
Clarence H. Beach Co., 
1412 Merchants’ Bank Bldg., 
Indianapolis. 

N. R. Gorsucu, Secretary, 
Citizens’ Gas Co., 
Indianapolis. 

R. S. SmitH, Treasurer, 

E. C. Atkins & Co., 
Indianapolis. 


LEHIGH VALLEY CHAPTER 
W. L. TrumBAvER, Chairman, 
Bethlehem Steel Co., 

Bethlehem, Pa. 

H. V. Apaar, Secy.-Treas., 
Ingersoll-Rand Co., 
Phillipsburg, N. J. 


LOS ANGELES CHAPTER 
Wane Hampton, Chairman, 
Hughes Tool Co., 

Los Angeles. 

H. V. Rutn, Secy.-Treas., 
Ducommun Corp., 
Los .Angeles. 


MILWAUKEE CHAPTER 

M. G. Jewett, Chairman, 
Chain Belt Co., 
Milwaukee. 

L. J. RapERMACHER, Secy.-Treas., 
Kempsmith Mfg. Co., 
Milwaukee. 

















































































































































































































































































































MONTREAL CHAPTER 
Ropert Jos, Chairman, 
Milton Hersey Co., 
Montreal, Que., Canada, 
D. G. Macinneges, Secretary, 
877 Claremont Ave., Apt. 35, 
Westmount, Montreal, Que., Canada, 
Gorpon Sprovu.e, Treasurer, 
McGill University, 
Montreal, Que., Canada, 


NEW HAVEN CHAPTER 

HaRoOLp Fisu, Chairman, 
Ready Tool Co., 
Bridgeport, Conn. 

F. E, Srockweuu, Secretary, 
Standard Oil Company of New York, 
New Haven, Conn. 

W. G. AvRanp, Treasurer, 
R. Wallace & Sons Mfg. Co., 
Wallingford, Conn. 








NEW YORK CHAPTER 
F. F. Lucas, Chairman, 
Bell Telephone Research Laboratories, 
New York City. 
T. N. Houpen, Jr., Secy.-Treas., 
E. W. Bliss Co., 
Brooklyn, N. Y. 





NORTH-WEST CHAPTER 

A. G. Zima, Chairman, 
Western Crucible Steel Casting Co., 
Minneapolis. 

ALEXIS CASWELL, Secy.-Treas., 
Manufacturers’ Assn. of Mpls., 
Minneapolis. 


NOTRE DAME GROUP 

Ernest J. WILHELM, Chairman, 
1527 So. Michigan St., 
South Bend, Ind. 

Cuas. E. McDermort, Secretary, 
511 E. Howard St., 
South Bend, Ind. 

WILLIAM J. JOHNSON, Treasurer, 
Sorin Hall, 
Notre Dame, Ind. 


ONTARIO CHAPTER 

W. O. Otrver, Chairman, 
Steel Company of Canada, 
Toronto, Canada. 

L. F. Frraparrick, Secy.-Treas., 
Flexible Shaft Co., 
349 Clarlaw Ave., 
Toronto, Canada. 


PHILADELPHIA CHAPTER 

Dr. R, H,. Paton, Chairman, 
E. F. Houghton & Co., 
Philadelphia. 

A. W. F. Green, Secy.-Treas., 
The John Illingworth Steel Co., 
Philadelphia. 





PITTSBURGH CHAPTER 

W. I. McInerney, Chairman, 
Pittsburgh Crucible Steel Co., 
Midland, Pa. 

H. L. Waker, Secy.-Treas., 
414 Tripoli, 
N. S., Pittsburgh. 





RHODE ISLAND CHAPTER 

E. J. Suturvan, Chairman, 
Universal Winding Co., 

Providence, R. I. 


Chapters and Officers (continued) 





C. G. Prrerson, Secy.-Treas., 
Providence Gas Co., 
Providence, R. I. 





ROCHESTER CHAPTER 

Cc. F. Warte., Chairman, 
Northeast Electric Co., 
Rochester, N. Y. 

Irvine C. Mattruews, Secy.-Treas., 
Research Bureau, 
Eastman Kodak OCo., 
Rochester, N. Y. 





ROCKFORD CHAPTER 

R. M. Smiru, Chairman, 
National Lock Co., 
Rockford, Il. 

G. R. Monks, Secy.-Treas., 
700 Race St., 
Rockford, I. 


SCHENECTADY CHAPTER 

Pror. M. F, Sayre, Chairman, 
Union College, 
Schenectady, N. Y. 

F, P. Corvin, Secy.-Treas., 
General Electric Co., 
Schenectady, N. Y. 

SOUTHERN TIER CHAPTER 

D. M. Cook, Chairman, 

David Maydole Hammer Co., 
Norwich, N. Y. 

W. H. Oapen, Secy.-Treas., 
617 People’s Trust Bldg., 
Binghamton, N. Y. 





SPRINGFIELD CHAPTER 

F, E. Stricker, Chairman, 
56 Harrison Ave., 
Springfield, Mass. 

E, L. Woops, Secy.-Treas., 
Springfield Gas Light Co., 
Springfield, Mass. 





ST. LOUIS CHAPTER 

W. E. RemMmers, Chairman, 
Washington University, 
St. Louis. 

C. G. Werrscueip, Secy.-Treas., 
Colonial Steel Co., 
St. Louis, 


SYRACUSE CHAPTER 

J. J. Driscotn, Chairman, 
Crucible Steel Co. of America, 
Syracuse, N. Y. 

K. J. MacKenzie, Secy.-Treas., 
341 Palmer Ave., 
Syracuse, N. Y. 





TRI-CITY CHAPTER 

GrorezE A. UHLEMEYER, Chairman, 
People’s Power Co., 
Moline, Tl. 


WASHINGTON-BALTIMORE CHAPTER 
H. K. Herscuman, Chairman, 

Bureau of Standards, 

Washington. 
J. E. Crown, Secy.-Treas., 

727 5th St., 

Washington. 


WORCESTER CHAPTER 
R. E. Bieetow, Chairman, 
Geo. F, Blake, Jr., and Co., 
Worcester, Mass. 
C. G. Jopnson, Secy.-Treas., 
Worcester Polytechnic Institute, 
Worcester, Mass, 
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Lea Control 


ADVERTISING SECTION 


| oO mechan- 


ism that keeps the 
galvanometer in bal- 


Motor also drives 
the recording chart. 


With the 


Power to mr caO and 
Control Accurately! 


HE L & N Pyrometer is a different type—a potentiometer 
operated by a powerful electric motor. 


Using massive parts—positively driven by a powerful motor— 
it is the most rugged. Over extremely long periods of time and 
under the most adverse conditions, you can place absolute 


L & N Potentiometer Control 
is Profit Control. Catalog 
87-S, “‘Potentiometer Pyrom- 
eters,” and Catalog 84-S, 
‘Potentiometers for Automatic 
Control,” sent free upon re- 
quest. Write for copies today. 


dependence upon it. 

It does not measure the minute current 
in the thermocouple circuit. It balances the 
unknown thermocouple voltage—large in 
comparison to the tiny current—with a 
known voltage . the L & N Potenti- 
ometer method. 

It is the most accurate pyrometer in 
industry because it is independent of all 
resistances and galvanometer calibration. 


LEEDS & NORTHRUP COMPANY 
ELECTRICAL MEASURING INSTRUMENTS 
PHILADELPHIA, PA. 


BRANCH OFFICES: CLEVELAND, CHICAGO, HOUSTON, LOS ANGELES, SAN FRANCISCO 
° 


Different from all others’ 


P-55S A 


Potentiometer 


most accurate + 


*PYROMETER =~: + inindustry 


When writing to Leeds & Northrup Company, please mention TRANSACTIONS 
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E New Year signalizes the turn of a business page . . . 

the opening of a vista with accomplishment as the goal. 
That the New Year will bring you a deserved measure of 
prosperity .. . that success in the use of Chemicals will 
continue to keep step with you . . . is our sincere wish. 
For our part we pledge for 1929 the same interest, close 
technical cooperation, and the high degree of quality which 
have always characterized R & H Chemicals and Service. 


“he 
ROESSLER &HASSLACHER CHEMICALC. 


709 Sixth Avenue, New York, N. Y. 


When writing to Roessler & Hasslacher Chemical Co., please mention TRANSACTIONS 
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ardening Room Materials 
and Equipment 


Reliable Supplies Since 1911 


BOHNITE:—Carburizing Compound 

CASEITE:—Cyanide Compound 

CYANIDE:—AIl grades 

DRAWITE:—Drawing Salts Range 300° to 
1200° F. 


BATHITE:—Hardening Salts Range 1200° to 
1700° F. 


CHARCOAL:—AIll Carburizing Grades 
CLEANCOAT:—Lead Pot Covering 
NON-CASE:—Anti-Carburizing Paint 
ESSO:—Furnace Cements 
NI-CRO-AL:—Nickel-Chrome-Aluminum alloy 
pots and boxes 
Q-ALLOY :—Heat Resisting Castings 
PRESSED STEEL:—Pots 
HEVI-DUTY :—Electric Furnaces 
PYRO:—Radiation and Optical Pyrometers 
PYROMETERS:—AIll standard makes 
SCLEROSCOPE:—Hardness Tester 
MONOTRON :—-Hardness Tester 
PITTSBURGH:—Brinell Machines 
B & G:—Oil Coolers 


Ask For Special Folders and Quotations 


IHE CASE HARDENING 
SERVICE COMPANY 


“81 Scranton Road Cleveland, Ohio 
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HEART TO HEART TALK 
WITH STEEL TREATERS 


By the President of 
E. F. HOUGHTON & CO. 


HE second edition of the book, “HOUGHTON ON LIQUID 

BATHS for the HEAT TREATMENT OF STEEL,” has been 
off press for over a month, and you may have a copy of this very in. 
teresting and most popular book, free of cost, by writing for it, and nan. 
ing your position and mentioning the fact that you are a member of th: 
Society. 


SO THAT’S THAT. 


There is a persistent rumor that I have personally written a book. 
I am not denying the fact. I have written a half dozen in my time; but 
I have never yet published one, unless it should so happen that this last 
one is published. One of the prominent publishing houses has done me 
the high honor to offer to publish it, and at the time this copy is being 
prepared I think it will be a go. 


WHAT’S THE NAME? 
YOU WILL HEAR THAT SOON ENOUGH. 


If it is published I assure you that it will be a good book, and I ought 
to know, for I wrote it myself. That’s one thing about me, I write my 


own stuff. Now don’t write in and state: “It looks it,” for there have 


been several others say that long ago. 


But, of course, I have nothing to do with the writing of our technical 
publications. All such publications are compiled by The Houghton Re- 


search Staff. 


When writing t 
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ADVERTISING SECTION 7 


We have quite a number of copies of the book HYDRAULIC 
‘NGINEERING left (first edition). This book treats of the use of 
\vdraulic presses, etc., for power. It is a valuable addition to any metal 
orker’s library. Price $2.50 per copy, post paid. Please send cash with 
our order as we have no method of bookkeeping for charging printed 


jatter. 


SO THAT’S THAT. 


I suppose you wonder why I don’t write more about carburizers and 
he Houghton carburizers in particular. Well, we are selling all we 
are to; about all we want to; and certainly as much as we should. And 
here must be a reason, and we, ourselves, are of the opinion that the 
eason is that our price, quality and treatment of our customers is about 


ight. 


SO THAT’S THAT. 


You know the old and very true story about the wolf? 


With the slightest outside noise the folks in an old pioneer’s cabin 
sshouted “wolf” and locked everything up securely, only to find that the 
1oise Was occasioned by the wind or some other agency than the wolf. 
So finally they became careless and laughed at the cry of “wolf,” and on 
every possible occasion they would fake the cry. But one day the real 
wolf came and caught them unprepared and carried off the baby. 


However, since synthetic wood distillate products have been on the 
market, we have heard the cry of “charcoal famine,” which means 
“carburizer famine.” But for one reason or another there has been no 
charcoal famine. Some day it is coming, and, when it does, I can see 
no reason why Houghton will not be able to take care of all of their 
carburizer customers, although I have no reason to believe that in such 


an event they will be able to take on any substantial increase in the num- 
ber of their customers. 


SO THINK THAT OVER. 


Cuas. E. CARPENTER, 


President of E. F. Houghton & Co. 
Address the Publicity Department, P. O. Box 6913, No. Philadelphia, Pa., for the. books. 


When writing to E. F. Houghton & Co., please mention TRANSACTIONS 
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CHROMIUM in 
CAST IRON 


HE STRENGTH and density of cast iron 
may be greatly increased by the use of small 
percentages of chromium, without impairing the 
machinability. 
For this purpose we recommend a powdered alloy 
for ladle additions. 
ELECTROMET Engineers will be glad to de- 
scribe the use of ferrochrome in cast iron and the 
properties it imparts. 
ELECTROMET service means prompt shipment 
of your orders from stock and the help of our 
metallurgical staff when you need it. 
Write for our booklet on the properties and uses 


of ELECTROMET alloys. 





Sole Distributors 


ELECTRO METALLURGICAL SALES CORPORATION 
Unit of Union Carbide and Carbon Corporation 
Carbide and Carbon Building, 30 E. 42d St., New York 


"lectromet 


SC No. 
Furna 



































An 
Ful 
Brand 7% |} :: 
and Metals ena 
Fu: 
hig! 
CHROMIUM SILICON MANGANESE Ap 
Ferroch 13 av 
toe ee eo Ferrosilicon 75% Low Carbon Ferromange- 
O10q to maximum Ferrosilicon 80 to 85% 7.6. notal Na 
2.00% carbon) Ferrosilicon 90 to 95% = Manganese-Silicon no 
Chromium Metal Refined Silicon (minimum (Silico-Manganese) 
Chromium-Copper 97% Silicon) Manganese-Copper Ov’ 
Miscellaneous Chromium (,).jum-Silicon Miscellaneous Manganese 
Silico-Mangan 
ZIRCONIUM (adeneneedliliece) VANADIUM 7 
Silicon-Zirconium Miscellaneous Silicon 


Ziroonium-Ferrosilicon Alloys All Grades 








When writing to Electro Metallurgical Sales Corp., please mention TRANSACTIONS 
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SC No. 551 
Furnace 


A MULTIPLE DUTY FURNACE 
Temperature Range 800° to 2000°F. 


An eight-to-one turndown on the burners. 
Full automatic control. 


Reducing atmosphere constantly and automatically main- 
tained. 


Furnace operates without attention even where a change to 
higher temperature is required during the run. 


Applicable to hardening, drawing, annealing, normalizing and 
a wide range of heat treating operations. 


This is the furnace that aroused such wide interest at the 


National Metal Exposition at Philadelphia. This furnace has 


now been in successful operation in a number of plants for 
over a year. 


Send for Bulletin R-SC-8 


The Surface e Combustion Co. 


or = DORR STREET. 
Q) Branch Offices in Alt 


Utilization Division of the Combustion Utilities Corporation 


When writing to The Surface Combustion Company, please mention TRANSACTIONS 
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L. isn’t a case of one down— 


ALL DOWN with 


N industrial furnace, for instance, 
having a number of Globar 
heating elements— If it be- 

comes necessary to replace a single 
Globar the furnace needn’t be shut 
down—there need be no loss of pro- 
duction service—no waiting for the 
furnace to cool off to get inside to 
replace the element— 
@ No waiting for it to get up to heat 
again—Globar with its butt-end con- 
tact permits of an exceedingly simple 
mounting— 
4A Globar Element can be replaced 
while the furnace is in operation— 
and inserted from the outside— 
Globar is a Git is just a matter of a few mo- 
ments—and all done while the rest 
Carborundum of the Globar Elements are at re- 
Reg. U. S. Pat. Off. | quired heat. 


Product 


GLOBAR Has Many Other Advantages 


Aut Toitp 1x Our Tecunicat BuLietin D-6 


GLOBAR CORPORATION, NIAGARA FALLS, N. Y. 


Globar is the registered trade name given to non-metallic electrical heating and oe) 
materials, and to other products of Globar Corporation, and is its exclusive property. 


ii ie eit A oe 


| PRERENDER ASR IN SIMMS tm 


When writing to Globar Corporation, please mention TRANSACTIONS 
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THE LEITZ WORKS ARE THE LARGEST MICROSCOPE MANUFACTURERS IN THE WORLD 


LEITZ 


EST’D: 1849 
THE STANDARD OF OPTICAL AND MECHANICAL PRECISION 


MICRO-METALLOGRAPH 


In Stock for Immediate Delivery. 


The Leitz ‘‘Micro-Metallograph’’ has for many years been the Standard 
equipment of Metallographists whose aim it is to obtain reliable and precise 


results in Micro-Analysis of Metals. 
ments for Standardization of Gun- 
nance Equipment. 


In the Leitz ‘‘Micro-Metallograph’’ the source of light is mounted 
independent from the microscope stand since such an arrangement allows 
flexibility between both the microscope and the source of light as guarantee 
towards efficient results, faultless images and perfect photographs, since the 
respective orientation and distance between microscope and illuminant can 
be varied to meet each individual requirement. 


Consider the Leitz ‘‘MM’’ first before making your selection. 
WRITE FOR CATALOG NO. 1057 (P) 


EK. LEIYTZ, INC. 


60 East Tenth St., NEW YORK, N. Y. 


It is selected by Government Depart- 
and Rifle-Manufacture as well as Ord- 


Agents: 


For Pacific Coast States: Spindler & Sauppe, Offices at San Francisco and Los Angeles, Calif. 
For Washington District: Paul L. Brand, Investment Bldg., Washington, D. C 
on Pittsburgh District: Fisher Scientific Co., Pittsburgh, Pa. 
r Canada: The J. F. Hartz Co., Ltd., Toronto 2, Can. 
For Philippine Islands: Botica de Santa Cruz, Manila, ee F 
For Cuba: Antiga & Co., Havana, Cuba. 


When writing to E. Leitz, Inc., please mention TRANSACTIONS 
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eCember 


| MIDVALE | 


BILLETS 





Open Hearth or electric melted. 
True to composition. 

Adequate ingot discard. 
Accurate as to size. 

Ample reduction. 


Midvale Billets are good billets because they are the product of an or- 
ganization trained in the manufacture of fine steels. 


inl Put more endurance and reliability into your forgings by using Midvale 
illets. 


Melters of open hearth steel since 1871 


THE MIDVALE COMPANY 
NICETOWN, PHILADELPHIA 


DISTRICT OFFICES: 


NEW YORK WASHINGTON CHICAGO PITTSBURGH 
CLEVELAND SAN FRANCISCO 


Tool and Alloy Steel Warehouses: 
PHILADELPHIA CLEVELAND SAN FRANCISCO 











When writing to The Midvale Company, please mention TRANSACTIONS 











ADVERTISING SECTION 


SWEDISH NICKEL ALLOY 


45 cents per lb. 
F. O. B. Detroit 


“Where there is HEAT use 
__SWEDISH NICKEL ALLOY” 





CARBONIZING 
BOXES - POTS 


Swedish Crucible Steel Co. 


DETROIT, MICHIGAN 


j writing to Swedish Crucible Steel Co., please mention TRANSACTION 
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Sonkentokee? 


NARY ADVANCEMENT 


A REVOLUTIO 


- ee err tane ee 


reer. new in its highly successful operation, the Marshall 
Automatic Forging Furnace now for the first time secures: 


—absolute uniformity in heating forgings; 

—accurate control of time and amount of heat; 

—accurate control of heat costs; 

—a negligible percentage of rejects. 

—absolute control of application of heat to the forging; 

—a method of conveying that insures absolute control of production; 


—a method of conveying the most difficult and unwieldy parts in continu- 
ous operation that calls for little or no maintenance; 


These tremendous advancements, every one of which represents large sav- 
ings in production costs, have all been proved by actual, extended use. 


When writing to the Marshall Blow Pipe Co., please mention TRANSACTIONS 





Vecembe 


ADVERTISING SECTION 


UA ulomatlic 


continuous 
vertical 


Forging Furnace 


IN FORGING AND HEAT TREATING 


Developed and proven in one of the 
largest automobile plants in Detroit,* the 
Marshall Automatic Continuous Vertical 
Forging Furnace has been producing per- 
fect rear axle housings with absolutely no 
rejects. This remarkable furnace, at the 
same time, has increased production over 
500%, reduced the number of men in the 
department, and eliminated machine oper- 
ations, thereby paying for itself in the short 
space of four months. 

*name on request. 


MARSHALL BLOW PIPE CO. 
Mfrs. of Patented Furnaces 


7432 Dubois St. “ Detroit, Mich. 
Pad 


Manufacturers of Industriel Ovens 


The Marshall Automatic Continuous Vertical 

Forging Furnace has been used or is being- 
adapted for rear axle housings, front axles, con- 

necting rods, and similar parts as well as for 
upsetting operations of all kinds. On all 

such parts, the savings effected will soon pay 

for the furnace and a uniformly better product 

will result. Sold only on specification. 


Marshall Blow Pipe Co., 
7431 Dubois Street, 
Detroit, Michigan 


Trans. Soc. Heat Treat. December 


When writing to the Marshall.Blow Pipe Co., please mention TRANSACTIONS 
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ele Meds ea oS Vanier Vi 


WILSON -MAEULEN 
CONTROLLERS = 


do all that you require of a controller—are all that 
you desire in a controller. 


RO 
TE 


1—Accurate in temperature measurement as a basis 
for control. 


2—Robust in construction. 


» not ¢ 
3—Operated by a husky standard motor located Jo that 
where it belongs—on the outside of the in- #hey h 


strument. 


4—Sensitive at the point of control. 





5—Made for frequent or infrequent control signals. 


6—Throw fuel or electric control to the low side, if Htraigh 
the thermocouple circuit opens. essful: 


ILSON MAEULEN (COMPA) \C 


“When- writing to Wilson-Maeulen Co., please mention: TRANSACTIONS. 
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RT. AT TREATMENT OF STEEL 


NUM AM ZON<VU 


TOL LD 
N INDICATING 


— 


I that F ROCKWELL HARDNESS 
basis f TESTERS —<~ 


» not do a variety of things, they do one thing, but 
»eated Ho that well. They test for penetration hardness. 
1e ins Mhey have a bull dog grip on that and will not be 
aken loose from their purpose. 





ey know what their job is and because they go 
bout that job in such a simple and 
raightforward way they are suc- 
essful—mightily successful. 


gnals, 


ide, if 


aN oy NEw. EW YoRK = 


When writing to Wilson-Maeulen Co., please mention TRANSACTIONS 


379 oe Ave. 
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When Ordering 


Pyrometer Protection Tubes 


Sand Casting can never equal Die Accuracy 





Die accuracy means that the high heat-resisting 










with 
properties of ““Nichrome” are greatly increased at every 
point by uniform wall thickness and by greater density 
of the metal itself. ‘‘Nichrome” tubes are tested under thro 
water at 100 pound air-pressure for your protection. NO 


Your instrument maker carries “Nichrome” Pyrometer 
Protection tubes in stock made only by the 


DRIVER~HARRIS COMPANY 
HARRISON, NEw JERSEY 
Detrost Morristown, N. J. England * France 


Nichroime 


oe PYROMETER TUBES 


299 










When writing to Driver-Harris Oo., please mention TRANSACTIONS 
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Still a Settin’ On 


Top of the World 


YEAR ago we announced that the water tank of the Cog Wheel 


Railroad on top of Pikes Peak (altitude—14,109 feet) was coated 
with NO-OX-ID inside and outside. 


A recent report by a Dearborn Service man tells the story: 
“] asked Mr. Brooks, Chief Engineer, how the tank had come 


through the winter and this season so far. He was very enthusiastic 
over its condition, and said they would certainly continue the use of 


NO-OX-ID.” 


Where can you use NO-OX-IDP Has it been demonstrated to youP 


Prompt, careful attention to all inquiries. 


Dearborn Chemical Company 


299 Broadway, NEW YORK 310 So. Michigan Ave., CHICAGO 


SOX 


TRADE MARK 


The Original Rust Preventive 


When writing to Dearborn Chemical Co., please mention TRANSACTIONS 
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J. H. NBAD H- PHILLIPS 
American Rolling Mill Company ianaiel Corp. of America 
Middletown, Ohio Pittsburgh 
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THEODORE E. BARKER *ArrHour G. HENRY 
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ADVERTISING SECTION 


SUSTAINING MEMBERS 


The following firms and individuals, because of exceptional interest in 
the work of the Society, have contributed not less than $25.00 
each year for the promotion of its objects 


NATIONAL 


ALLEN & OCO., EDGAR, Limited ‘ Sheffield, England 
COLUMBIA TOOL STEEL OO., Arthur T. Clarage, President Chicago Heights, Ill. 
GENERAL ALLOYS CoO., H. H. Harris, President Boston 
PELICAN WELL TOOL & SUPPLY CO., M. G. Stewart, Mgr 

VULCAN CRUCIBLE STEEL CO 


BOSTON CHAPTER 


AMERICAN BOSCH MAGNETO CORP., G. J. Lang, Vice-Pres., Brightwood Sta., Springfield, Mass. 
AMERICAN METALLURGICAL CORP., K. A. Juthe, President Boston 
ATLAS STEEL CORP., H. J. West, Vice-President and Dist. Mgr 

BETHLEHEM STEEL CO., INC., R. E. Belknap . 
BETHLEHEM SHIPBUILDING CORP., Fore River Plant uincy, Mass, 
BOSTON Gee Wee, J. A, AMBTON. cece ccc cvencescccscccccsccccssccved Atlantic, Mase. 
CRUCIBLE STEEL COMPANY OF AMERICA, Geo. E, Walker Boston 
EDISON ELECTRIC ILLUMINATING CO., J. L. Faden, Industrial Heating Eng 

EVANS STEEL CO., H. D. 

FELLOWS GEAR SHAPER CoO., H. C. Fellows Springfield, Vermont 
FRANKLIN NEEDLE CoO., G. L. Hancock Franklin, N, H. 
GENERAL ALLOYS CO South Boston 
HARTEL BROTHERS & CO 

HAWKRIDGE BROTHERS CO., L. D. Hawkridge, Vice-President 

HOUGHTON & RICHAR &%, INC., George A. Mahoney, Treasurer 

HUNT-SPILLER MFG. Cv., E. 

HUNT STEEL CO., A. E. T. L. Kirkpatrick, Vice-President 

INDUSTRIAL STEELS, INC Cambridge, . 
LAPOINTE MACHINE TOOL COMPANY Hudson, Mass. 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY, Library Cambridge, Mass. 
Mi ee eee se eeN On bis ce ceoedeeenceseceetens Boston 
MIDVALE CO., W. A. Sherbrooke 

NATIONAL ACME CO., C. W. Simpson Windsor, Vt. 
SANDERSON CoO., E. P., R. H. Anderson Cambridge, Mass, 
SCOTT WILLIAMS, Laurence B. Holt Laconia, N. H. 
TRIMONT MFG. CO., Charles C. Ely, Treasurer Boston 
UNION DRAWN STEEL COMPANY, L. Geerts 

UNITED SHGE MACHINERY CORPORATION Beverly, Mass. 
WALWORTH COMPANY, John J. Harman 

WALWORTH COMPANY, J. E. Hart, Gen. Supt South Boston 
WETHERELL BROTHERS CO 

WHEELOCK, LOVEJOY AND CO., Cambridge, Mass. 
WILSON-CUTLER COMPANY, Fred W. Wilson Malden, Mass. 
WYCKOFF DRAWN STEEL CO., Henry A. Getty ton 
ZURBACH STEEL CO., L. E., L. E. Zurbach, President Cambridge 


BUFFALO CHAPTER 


BETHLEHEM STEEL CO., Edward J. Illig 

BURP eee meee Se, Sees T.. COFThOh i... cc ccccicccccccccecceccces North Tonawanda, N. Y. 
CA OL A SEO a Walp k cbc cn doe seeescceeeceee Niagara Fall, N. Y. 
DONNER STEEL CO., INC., R. E. Sherlock 

HOUGHTON & CO., E. F., George W. Pressel] 

JEWELL STEEL & MALLEABLE COMPANY 

MINER, INC., W. H., Lewis F. Gadbois 

PIERCE ARROW MOTOR CAR CO., John Miller 

PRATT & LETCHWORTH CO., J. H. Birdsong 

SIMONDS SAW & STEEL CO 


CHICAGO CHAPTER 


ACOURATE STEEL TREATING CO., T. E. Barker, President 

AETNA BALL BEARING MFG. CO., G. W. Nordstrum 

ALLEN STEEL CO., INC., EDGAR, H. R. Adams 

ANDERSON-SHUMAKER CO., Carl F. Anderson, President 

ATLAS FORGING CO., John T. Georgeson, Pres. Cicero, Ill. 
ATLAS STEEL CORP., Harry Hardwicke, Vice-President and Dist. Mgr....Dunkirk,N. Y. 
BLISS & LAUGHLIN STEEL CoO., Carl L. Huff hi 
CENTRAL ALLOY STEEL CORP., J. F. Mehlhope Chicago 
OCURAMemsaes SED GOUD.. BE; BE, EOURDy MUUE, EEO, wee ccccssccccccccvcccccescvesueses Chicago . 
COLUMBIA TOOL STEEL CO., E. H. Passmore, Mgr. .........ccccccccesececeees Chicago 
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DANLY MACHINE SPECIALTIES, INC., Philo H. Danly, Vice-Pres 


GORDON ©0., OCUAUDE 8..ccccccscccccccccccsescccsccccccccscccscesecesseces Chicago 
Goss PRINTING PRESS CO., M. W. Brueshaber, 2nd Vice-Pres...........-.+eeeee. Chicago 
HOUGHTON & OO., EB. F., H. G. LdOyd... cc cccccscccccccccccccccevvvcevesesesece Chicago 
INGALLS-SHEPARD DIVISION OF "WYMAN B GORE OO. nc cw tivnccceseose Harvey, 1!! 
INTERNATIONAL HARVESTER CO... 2. ccccccccccccccsccccccsseseccccccsesecces Chicago 
INTERSTATE IRON & STEEL CO., W. J. MacKenzie .........0-ceeeccccececceees Chicag 
KLOSTER STEEL CORPORATION, Eimar Lindeblad ............cceeeeeeeeeeeaes Chicago 
LARSON & SONS, OHAS. E., Martin E. Larson... 1... cece cere eee e eee eererncecees Chicago 
LINDBERG STEEL TREATING CO., A. N. Lindberg, Pres..............eeeeeeeees Chicag: 

LUDLUM STEEL CO., P. E. Floyd, Dist. Mgr......ciscccccccserecccevccseccees Chicag 
BEARS EMU MOCMIN ED OO, vc cc cree cscs ceseec est eccesceccebestecsncsceccccces Chicago 
PEOPLE’S GAS LIGHT & COKE CO., Theo. V. Purcell, V. P. ....... ce ceeeeceeccees Chicago 
PERFECTION TOOL HARDENING CO., J. O. Hulting, Pres...............eeeeeees Chicago 
PUBLIC SERVICE CO. OF NORTHERN ILLINOIS, Emerson A. Armstrong.......... Chicago 
PUBLIO SERVICE CO. OF NORTHERN ILLIOIS, W. F. Miller ................... Chicag 
OTe Waemmis ias OO~, BR. Ti. COotsde, Va Bec 5 ccc cc ccc ccc ce cca ccstcccess Cicero, I]] 
VANADIUM ALLOYS STEEL CO., W. R. Mau, Dist. Mgr......... cee eeeeecceecees Chicago 


WESTERN CLOCK CO., J. A. Reinhardt, Met. ......cccccecccccecccervcrsues La Salle, 


CINCINNATI CHAPTER 


iil, 





pS OBR EB Ar ee reer oe eee Pee Cincinnati 
DERE PEAT ACUI OO. oc cle Fabs ce de tecics cece cesesccececes Cincinnati 
AMERICAN ROLLING MILL CO., W. J. Beck..... cece cceccccnccccccees Middletown, 0 
i a O26 6 keh a 66 oh AMER ADOARDRES EA bb Cod hd eee ROhe Avene came Newport, Ky 
CINCINNATI BICKFORD TOOL CO., A. H. Tuechter, Pres............cceeeeees Cincinnati 
Cee Sen, REN, GO. Bee. GROOT, cd dic iidwccccccwrdeesecesenesec Cincinnati 
rr errs Mr CR  ciccpeeavctadochtvecctsedésicdctceweces Cincinnati 
COLUMBIA TOOL STEEL OO., F. A. Terry, Dist. Sales Mgr.............-ceeeee: Cincinnati 
ee re a. en nL. wkd ks eR pieek Sed Oke ad dno obs Keble bk cds obs oes Cincinnati 
DRESSES MACHINE TOOL CO., Charles E. Gilbert, Pres. and Gen. Mgr........ Cincinnati 
LODGE & SHIPPLEY MACHINE TOOL CO., Fred Schoeffler...............55005- Cincinnati 
rs rn no. aire wnat eG < o 6 WERE die cule c te 6bwee cate awed Cincinnati 
rr re. ae CP ccc ecigs awh sabe dee sees Stee aeeee es Hamilton, 0. 
ns, Si a ee Ci: 0 \s.cin 6 ubidcin COEUR NC OF eked ebebesbebeeee Cincinnati 
UNION GAS & ELECTRIC CO., 0. Wilhelmy 


Pg wale lbe saan oveakewebess oe ee cbs ea Cincinnati 
i re SMe MEE .e'e-< oo 6. os Oe 6 ood Meta be ES och de bine ba bt caies €4N Cincinnati 


CLEVELAND CHAPTER 
ALLOY CAST STEEL ©O., THE 








» Walter A, Dorsey, Works Manager ............ Marion, 0. 
RS Ms arias had dared Ss adder’ dtd Obes Ade RAMEE CO SPURS Kher en scenes Cleveland 
CASE SCHOOL OF APPLIED SCIENCE, Dept. of Met. & Min. Engr. ............ Cleveland 
OLEVELAND WIRE SPRING O©O., Chas. H. Erickson ..........ccccecceccccecs Cleveland 
Gee een eee Weare PRODUCED O0., TH ccete ccc ccsciccccccccsnsccece Cleveland 
OOLUMBIA TOOL STEEL CO., G. C. Beebe, Dist. Mgr. ...........cccccccccees Cleveland 
rr kts ie ead ihe See we de ooo SS gunmen s a 0 ee Cleveland 
DARWIN & MILNER, INO., Victor Tlach, President ........ccccccccccccccccccces Cleveland 
Genes meeeree -GComrans, Mm. @. Cham, Bis cock ccccccccccctocccsncces Cleveland 
MARQUETTE METAL PRODUOTS O©O., Herbert Gleitz .......... ccc ccc ccc eecees Cleveland 
PI ne Aes Ch, GC GOO MUPMER occ ce ewecv eect cceeseees Barberton, 0 
i a i i i ee et se twee Ae ebbeeereuceseue Cleveland 
rm... oe Glad aa Stee eb ae See WOW e Se RL hk 60 Cebiseeestebese Cleveland 
WHEELOOK, LOVEJOY & CO., INC., E. O. Bartlett, Dist. Mgr. ..............25- Cleveland 


COLUMBUS GROUP 
AMERIOAN STEEL ABRASIVES ©O., Louis A. Cline 


I a ere ee ee i Ohio 
os cla Deka ck a a a dale 4 GUM OM «O40 Oe ka eens ene Columbus, Ohio 
BUCKEYE STEEL CASTINGS ©O., W. C. Speck. aaa ins ie tk enka ole Ob + éid's Columbus, Ohio 
COLUMBUS BOLT WORKS, D. F. Julian, S.- c Ub male cacybn Uh ate bEC ERMA 6 Sab Columbus, Ohio 
JEFFREY MFG. CO., H. Ww. ie  -. 3.0 ha pide we 6 he ons cc eeeu eek? Columbus, Ohio 
ee a... i eawe ce oN dee CU SUE CCRC Ch eae ds 56 vaik care Columbus, Ohio 
er ree ee grr Columbus, Ohio 






DAYTON CHAPTER 


OITY MACHINE & TOOL WORKS, T. J. Mullen...........cceceeeeeeeeeeees 
DAYTON FORGING & HEAT TREATING CO., Chas, H. Hewitt, Pres. 


» Chas. H. Hewitt, Pres. ........ Dayton, Ohio 
DAYTON POWER & LIGHT CO., 0. H. Hutchings ..........ccccccreccccsenss Dayton, Ohio 
ERE En BEM, Wis Mis PUORE, Sines cp bb awe Vee WR asec ccccedesecccccoces Dayton, Ohio 
FRIGIDAIRE CORPORATION, T. B. Fordham .........ccccceccnsnccncccees Dayton, Ohio 
Aeros MOROes COk. FF, BOG no nncc ccc cts cclecedcsbedees ic cccetac Dayton, Ohio 
OHIO HEAT TREATING ©O., THE, Harry Turner .........cccceencnecceeces Dayton, Ohio 
OHIO STEEL FOUNDRY CO. WwW. J. Pere Te ees Pes Pee Springfield, Ohio 
chan eObe bane 6 ahse adiresarve ee Dayton, Ohio 
SIMONDS-DAYTON O0., A. A., Dr. Frank R. NE 0’ bs oW'e a okin oC ctida ae OOM Dayton, Ohio 





DETROIT CHAPTER 


ALLEGHENY STEEL CO., Clarence B. Callomon9 .......eeeeeeecees +e Ts 
ATLAS STEEL CORP... J. C. Gearhardt, Dist. Mgr. .. etroit 


eee eee eee eee eee eee eee e+eeer 
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1928 ADVERTISING SECTION 


BETHLEHEM STEEL OO. 

BLAIOH CO., ALFRED 0O., J. A. Howland 

BOURNE FULLER CO., T. W. McGrath 

CANADIAN BRIDGE COMPANY, LTD., 'THE, Andrew Leishman. .Walkerville, Ontario, Canada 
OENTRAL STEEL CO., Arthur Schaefer, Dist. Sales Mgr. .................+..-.-Massillon, O, 
COLUMBIA STEEL & SHAFTING CO., Thos. H. Booth 

COLUMBIA TOOL STEEL CO., Alex Luttrell, Dist. Mgr. 

DEARBORN CHEMICAL CO., O. I. Loudenback 

DETROIT CITY GAS CO., Hale A. Clark 

DODGE BROTHERS, INC., F. E. McCleary 

DRIVER-HARRIS CO., W. E. Blythe, Dist. Mgr. 

ELECTRIC FURNACE CO., F. J. Peterson i 
FORD OO., J. B., 8. H. Renton Wyandotte, Mich. 
GENERAL ALLOYS Co., A. L. Grinnell, Detroit Mgr. Boston 
HAGAN COMPANY, GEORGE J., J. Sandb Detroit 
HALCOMB STEEL CoO., Arthur Schroeder 

HERRON COMPANY, JAS. H., Richard A. Smart, Rep. 
ee ee, Oe CO, eo as oh cikes bccn ne cwecweneeess veces eres aver Detroit 
eee ae Be ee eso e bebe 660 eGR e+ eR ERs CC CEwe Detroit 
HUPP MOTOR CAR CORP., F. E. Watts, Rep. 

JONES & LAUGHLIN STEEL CORP., Frank D. Heath 

LADISH DROP FORGE COo., F. E. Ladish 

LEEDS & NORTHRUP CO., E. C. Wahl Detroit 
La nn Oy is OE, AEE, BEM, nn. oa Ciein see cececceeetccce es etre Detroit 
es elas a o-otacalea tn ed adobe ede eso beese e Lansing, Mich, 
PARK CHEMICAL CO. 

PENINSULAR STEEL CO., THE 

PHILFUELS COMPANY, F. J. Harlow 

PITTSBURGH CRUCIBLE STEEL CO., W. W. 

RICH TOOL CO. 

ROCKWELL CO., W. S., M. L. Hollister Detroit 
RODMAN CHEMICAL CO., G. A. Webb, Dist. Mer. Detroit 
ROESSLER & HASSLACHER CHEMICAL CO., Alfred C, Stepan, Dist. Mgr. ........ Chicago 
STEEL CITY TESTING LABORATORY, H. A. Weaver Detroit 
STEEL TREATING EQUIPMENT CO., G. C. Nixon, Pres. 
SURFACE COMBUSTION COMPANY, F. W. Manker 
SWEDISH CRUCIBLE STEEL CO., H. K. Nixon, Kep. 
UNION DRAWN STEEL CoO., L. H. Carlisle 

UNITED FORGE & MACHINE CO., S. M. Wetmore 
VANADIUM ALLOYS STEEL CoO., R. R. Artz 

WHITE STAR REFINING CO., Chas. R. Miller 


FORT WAYNE GROUP 


INTERNATIONAL HARVESTER CO. 


Ft. Wayne, Ind. 
NORTHERN INDIANA PUBLIC SERVICE CO. 


Ft. Wayne, Ind. 


GOLDEN GATE CHAPTER 


AMERICAN CAN CO., Oscar Malmquist, Supt. S. F. Machine Shop 
AMERICAN FORGE CO., Joseph Eastwood, Pres. 

BETHLEHEM SHIP BUILDING CORP., LTD., E. Essner 
CATERPILLAR TRACTOR CoO., J. V. Munro 

COLUMBIA STEEL OORP., William Cohn, Asst. Gen. Supt. .............065 Pittsburg, Calif. 


San Francisco 
San Francisco 
San Francisco 


CRUCIBLE STEEL CO. OF AMERICA, James A. Ward 
HALL SCOTT MOTOR CAR CO., T. P. Mapes 

JEWELL STEEL & MALLEABLE CO., Theodore A. Haase San Francisco 
JOHNSON GEAR OO. Berkeley, Calif. 
KNAPP, J. H., J. R. Gearhart, Mgr. San Francisco 
LUDLUM STEEL OO., George Batten, Sales Mgr. San Francisco 
MACAULAY FOUNDRY CO., H. C. William Olsen, Supt. Berkeley, Calif. 
PACIFIC FOUNDRY C©O., John S. Fowler, Meta)lurgist San Francisco 
STOCKTON FIRE BRICK CO., V. R. Sullivan Stockton, Calif. 


San Francisco 
San Francisco 


HARTFORD CHAPTER 


CARPENTER STEEL OO., C. W. Olsen, Dist. Mgr. .......cccescsccecvevces Hartford, 
COLLINS CO., Guy Whitney, Plant Engineer Collinsville, 
COLUMBIA STEEL SHAFTING CO., H. ©. Booth, Rep. ...........0eeceeees Hartford, 
FAFNIR BEARING CO., R. R. Searle New Britain, 
FIRTH-STERLING STEEL CO., Henry I. Moore Hartford, 
FRASSE & CO., INC., PETER A., Edward H. Bohnet Hartford, 
GENERAL ALLOYS COMPANY, Ralph Hare 

HARTFORD CITY GAS LIGHT CO. Hartford, 
HARTFORD ELECTRIC LIGHT CO., Lewis H. Knapp Hartford, 
Line eee Ok AEE OER gece cc ccc eccveboccesss New Britain, 
McINTYRE MACHINE C©O., John J. Mcintyre Hartford, 
NEW DEPARTURE MFG. CO., L. A. Lanning 

NEW DEPARTURE MFG. CO. (Plant A), Carl Anderson 

NEW DEPARTURE MFG. CO, (Forge Plant), William Klenke 

NEW DEPARTURE MFG. CO. (Plant ©), F. Casey Hartford, 
NEW DEPARTURE MFG. OO. (Plant C), W. E. Steinreich Meriden, 
PRATT & WHITNEY CO., C. T. Hathaway Hartford, 
PRATT & WHITNEY AIRORAFT CO., Andrew Wilgoos Hartford, 
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ROCKWELL CO., STANLEY P. 





 ebuhbee bee ks 6p cab eheds obo center esonsss Hartford, Conn 
SOOTT STEEL FOUNDRY, JOHN D., Edmund 8. Gardner .............0+: Hartford, Conn 
SOUTHER ENGINEERING Co., a ee os adecseche Hartford, Conn 
SPENCER TURBINE O©O., 8. E. PR, WORT. cccccecccescccccccoeccees Hartford, Conn. 
STANDARD STEEL & BEARINGS, INOC., James E. Melson, Gen. Supt. ...... Plainville, Conn. 
STANLEY WORKS, Malcolm Farmer, Vice-Pres. and Gen. Mgr. .......... New Britain, Conn. 
UNDERWOOD COMPUTING MACHINE O0O., Otto Thieme ................ Hartford, Conn. 
TE SUPE ne COL, TO, ccccccccccscccccvcccccescccccee Hartford. Conn 
UNION DRAWN STEEL 5 he eS” cles eh ease abe aces tase Hartford, Conn. 
UNIVERSAL STEEL O©O., M. W. Singer, Dist. Mgr. ..........2ccccececees Windsor, Conn. 
WALLACE BARNES CO a SE Cans echaaees ebebse co cckse eo knee Hartford, Conn. 
WHITNEY MFG. CO., oO 6 f ES ME, nce cease eesbab beetessencase Hartford, Conn. 





INDIANAPOLIS CHAPTER 
ADAMS ©O., THE J. D., F. D. Wallace 


ETI TTETET TTL Indianapolis 
i! rs i Ng a ae ideo Os OO k Choc bn ec 60 Ob bbe chee es Indianapolis 
a isis as kuln alts cobb ieee secvedtchaneht Indianapolis 
CARPENTER STEEL ee es a Ro e's CARs MR debe S ee Ob bons oes 5080 KOR Indianapolis 
ORUCIBLE STEEL CO. OF AMERICA, a a A  eerwerrs Indianapolis 
DESAUTELS ©O., THE GEO. 0., Geo. A. Desamtels, Pres, ....cccccccccscsese Indianapolis 
GENERAL ALLOYS ce, A BD ‘Heath, I eee a Sas a hc nw o/u.s o-0-c lehman Indianapolis 
HOLLIDAY & OO., W. J., Jack Holliday, Jr., Secy. .....ccccecccccessccsccecs Indianapolis 
en oe 2 a Se oP . cca deecbesvecvevescoceeeses Indianapolis 
INDIANAPOLIS POWER & LIGHT CO., J. E. Nelson ....... cece cece eee eeees Indianapolis 
Mase OO., d. W., J. MH. Burms, Ir. wccccccccesccccccccccescccscesccsccscvces Indianapolis 
MULL, JR., CO., J. W., General rr cy We ME OE, coentccceneavee ees Indianapolis 


MUNCIE PRODUCTS DIVISION—GENERAL MOTORS ‘CORP., D. O. Thomas. .Muncie, Ind. 
ROSS GEAR & TOOL COMPANY, E. Gruenwald 


ates ahGnabes 06000 6b 004% Ue Lafayette, Ind. 
LEHIGH VALLEY CHAPTER 





BETHLEHEM STEEL OO. 





Sogn teen 6 eae wks 04 See bs eRe eee hoc ecccéeues Bethlehem, Pa. 
rr re i, ck ck a thaw eens bebe ee he be HO6e be 60ers eon CS 06sabie Reading, Pa. 
INGERSOLL-RAND C©O., G. M. Forrest, Gen. Supt. .........seeeeeees Phillipsburg, N. J. 
LEBANON STEEL FOUNDRY, K. V. Wheeler, General Manager .............. Lebanon, Pa. 
es re a. ch bs 60d be SEES EES DASA ARSds Cheese bhi 6O aw Whe VaNe Easton, Pa. 


LOS ANGELES CHAPTER 


ee re, a.) OB, ED eb Caidine ceca cebesadbécccroesasconsces Los Angeles 
SO EE SY Ses Rare ee ee er ee re eee Los Angeles 
BETHLEHEM STEEL O0O., R. W. Schultze ......cccccccsccccesecesvcscvees Los Angeles 
ee rr oC 6 a kino Ob bd 066600060 pe Ceews cecees Torrance, Calif. 
Himes MAOBINERY & SUPPLY OO. .nccccccsvcccccccccsccsccccccves Los Angeles 
re a. 2 RM Sos cccccccccsedvseccsesceccaseceeecoess Los Angeles 
ana ko cnt Sm de Gib 6-64 bbb aed CEN hee od op Sele dbd 0 epsecesoes Los Angeles 
LUDLUM STEEL CO., J. H. Spade, ~_- Spceiee itete Mat ae Le Diets bee ehed ke eheod Los Angeles 
MASTER LUBRICANTS CO., SF A EY Ue Wns cadivadwabece u.aeices bas Los Angeles 
ERE SRE RS EES A A SP re rrr ary Los Angeles 
REGAN FORGE & ENGINEERING CO. .....ccccccccccecccccccccecees San Pedro, Calif. 
GHEuL OO. OF CALIFORNIA, H. H. Anderdon ...cccccccccsccccccccccccccess Los Angeles 
SOUTHERN OALIFORNIA EDISON ee ete Siled cha Ne bE dew eevee se dme Los Angeles 
WARMAN STEEL CASTINGS CO., C. WE -Wetake dns eth ewatees FS 0 4eeeNs es Los Angeles 





MILWAUKEE CHAPTER 
OARPENTER STEEL OCO., o. W. Windfelder 


cbhdeseaoune bake eee ee 
CHAIN BELT CoO., G. eT a wen wee Milwaukee 
COLUMBIA TOOL STEEL wo, RI I rds Cin sw atbw ee 6 Ube el tat aan OM Milwaukee 
HEVI DUTY ae eos | i ME vv wnuseneaees «evans seseee ehbeceeen Milwaukee 
HOUGHTON & CO., F. = Ps -cn bean sh beeeees (68h anu ewes oes sk eeues Milwaukee 
MILWAUKEE GAS GH? Oo. ill Miata cue ene in Gob eueS Ghee aseas s Ox Milwaukee 
SIVYER STEEL a Ts a i Co caches eteewscenncees Milwaukee 
SMITH CORP., 0., O. Lan Dt Hbbhincen Ge RANE edR CE 6 OSs Sch ee onsets Milwaukee 
THURNER HAT TREATING ~ oy A Se arr ees . «Milwaukee 
WESLEY STEEL TREATING CO., ” Charles , | ee Fe | eee eee e Milwaukee 


MONTREAL CHAPTER 


CANADIAN TUBE & STEEL PRODUCTS CO., LTD., Chas. M. Thomson .......... Montreal 
HULL IRON & STEEL FOUNDRIES, LTD., A. H. Ooplan ...........++: Hull, P. Q., Canada 
PRODUCTION MATERIALS, LTD., W. J. Hall 1... cece eccsceeeceecnns Westmount, P. Q. 





NEW HAVEN CHAPTER 


BRISTOL OO., THE, H. H. =} Wa, nos aans 000 hsbc dcaesceeeeee Waterbury, Conn. 
CHASE COMPANIES, INC., Cee a ee eae wih Waterbury, Conn. 
COLONIAL STEEL PANY, i diy M+ aki. Ma dos ad ORes ene e Os Ree New Haven, Conn. 
GRUCIBLE STEEL OO. OF AMERIOA, F. J. Dawless, Sales Mgr. ........ New Haven, Conn. 
EASTERN MACHINE — CORP... T., W.: Byles THOM ccccewsscvcece New Haven, Conn. 
GED EIS GD, cca cecccccobcccseescessoens SG heed ais kaa « eaeeee New Haven, Conn. 
HEPPENSTALL FORGE O., ©. Sauer, GR; Fe nv ek wwegenscescees Bridgeport, Conn. 


MILLERS FALLS CO., W. fl. Shortell, Factory Mgr. 
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NEW HAVEN CLOCK CO., W. E. Chamberlin, Supt. ............008. New Haven, Oonn, 
NEW HAVEN GAS LIGHT CoO., J. Arnold Norcross, Vice-President New Haven 
0. K. TOOL CO., R. S. Young, Metallurgist Conn, 
REMINGTON ARMS CO., INC., Dr. J. F. Hutchinson New Haven, Conn. 
SEYMOUR MFG. CO., Jas. F. Halpin Seymour, Conn, 
SOUTHINGTON HARDWARE CO., William E. Smith, Gen. Mgr. ........ Southington, Conn. 
WALLACE & SONS MFG. CO., R., C. D. Morris, Supt. Wallingford, Conn. 
WATERBURY FARRELL FOUNDRY & MACHINE CO. Waterbury, Mass. 


NEW YORK CHAPTER 
AMERICAN CAR AND FOUNDRY COMPANY, Roy M, Allen 
A EE, IEEE OOS, 0k 6 beh bec icc enasebonsetue Suwaeseees aus Elizabeth, N. J. 
BABCOOK & WILOOX CO. 
Ce EE SPO. 0 40.0 6.900 0 ans Khehad ames pet eeecnbebeeseeenen New York City 
ORUCIBLE STEEL CO. OF AMERICA, A. T. Galbraith, Mgr. of Sales New York City 
DE LAVAL SEPARATOR COMPANY, Theo. H. Miller Poughkeepsie, N. Y. 
DRIVER-HARRIS CO., H. D. McKinney Harrison, N, J. 
DRIVER-HARRIS CO., J. B. Shelby, Sales Engr. Harrison, N, J. 
GENERAL ALLOYS CO., R. M. Kirk, Rep. New York City 
INTERNATIONAL NICKEL CO., A. J. Wadhams York City 
a ee ae I, BOO. o o'e 0:60 0 5c bbee'e'e cng essesie eset se ennssns New York City 
a awe alin’ 0s 0 00d we eee vba ceetbedewaeae a New York City 
ROCKWELL CO., W. 8., W. S. Rockwell York Cit 
RUSSELL BURDSALL & WARD BOLT & NUT CO., Wm. D. Rigney Port Ohester, N. 
UDDEHOLM CO. OF AMERICA, G. Lofberg, Vice-President New York City 


NORTHWEST CHAPTER 


AMERICAN HOIST & DERRICK CO., Harold O. Washburn, Supt. 
ARROW HEAD STEEL PRODUCTS OC©O., F. C. Bahr, Vice-Pres. Minneapolis 
AUTO ENGINE WORKS, INC., J. D. Mooney, Pres. . Paul 
BRIGGS, O. P. ;Minneapolis 
BROWN & BIGELOW, INC., Blaine H. Harris aul 
ELECTRIC MACHINERY MFG. CO., G. Widen Minneapolis 
MAHR MFG, CO., OC. F. Olmstead, Rep. Minneapolis 
MINNEAPOLIS ELECTRIC STEEL CASTING CO. Minneapolis 
MINNEAPOLIS HONEYWELL REGULATOR COMPANY, Erick O. Wistrand....Minneapolis 
MINNEAPOLIS STEEL & MACHINERY CO., A. E. Anderson Minneapolis 
NORTHERN MACHINERY & SUPPLY CO., R. H. Jones Minnea 


a lis 
ST. PAUL FOUNDRY CO., Fred S. Power, Pres. aul 


ONTARIO CHAPTER 


BABCOCK- WILCOX AND GOLDIE-McCULLOCH, Ltd., A. R. Goldie...Galt, Ontario, Canada 
PRODUCTION MATERIALS CO., LTD. 


Toronto, Oanada 


PHILADELPHIA CHAPTER 


AJAX ELECTROTHERMIC CORP., G. H. Olamer, Pres, ............eeeeeee: Trenton, N. J, 
AMERICAN ENGINEERING CO., H. A. Peck, Rep. ........cccecescsccccccees Philadelphia 
ATLANTIO REFINING CO., R. D. Leonard, Vice-Pres. and Gen. Mgr. .......... Philadelphia 
ATLANTIO STEEL CASTINGS ©O., W. A. Faison Chester, Pa. 
BROWN INSTRUMENT CO., George W. Keller, Sales Mgr. ..........cceeeeeees Philadelphia 
BUDD MANUFACTURING CO., E. J., Wm. J. Meinel Philadelphia 
OANN & SAUL STEEL CO., David S. Cann, Pres. ......cccccccccccccccccvcces Philadelphia 
CARPENTER STEEL CO., H. B. EE, GO, 4 ha a Wie ebelebee esepeeeeen Philadelphia 
DELAWARE VALLEY FORGE SE ee baile baie vk dN 0-66 Wed UOC ede Vee o0a Philadelphia 
DISSTON & SONS, INC., HENRY Philadelphia 
EDGCOMB STEEL co., INC., O. H. Storm Philadelphia 
EINWECHTER & WYETH, N. C. Einwechter Philadelphia 
FLORENCE PIPE, FOUNDRY & MACHINERY CO., J. R, Sheppard Florence, N, J. 
Fe ee a es re PE OCR UEU TEN Vo eee ccc ec brbebivcictecceocsscees Philadelphia 
FRASSE & CO., PETER A., A. B. Mead . Philadelphia 
FULMER & GIBBONS, George Bierschenk Philadelphia 
HOUGHTON & CO., E. F., Charles E. Carpenter Philadelphia 
JOHN ILLINGWORTH STEEL CO., Clarence Illingworth, Pres. ...... — ee 
KEYSTONE LANTERN CO., Nathan H. Davis, Treas, Philadelphia 
KNOX MANUFACTURING CO., A. L. Dold, DCG GTL ice viviees «4 ¢aécdaees . Philadelphia 
LEEDS & NORTHRUP CO. Philadelphia 
LUDLUM STEEL O00O., G. F. Wilson Philadelphia 
MIDVALE CO., Jose h DeCray Nicetown, Philadelphia 
MORRIS, WHEELER & CO., Philadelphia 
NATIONAL ALLOY CO. 


Philadelphia 
eee teak oki ek ahd Keb Re BOR a ete 60 coos 600 seen asad Philadelphia 
PHILADELPHIA ELECTRIC CO., Chas. E. Russell Philadelphia 


PHILADELPHIA GAS WORKS Co., H. 8. Christman Philadelphia 
PHIADELPHIA GEAR WORKS, Robert J. Coulter Philadelphia 
PLUMB, SO Hoe R., INC., J. W. Nicolls Philadelphia 


Philadelphia 
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December 





pe Ap ie oe 4)» ee eer rire ee a Philadelphia 
RYAN, SCULLY & COMPANY, Frederick J. Ryan.............ccccccsccccecs Philadelphia 
Re nnn ein ier Philadelphia 
SCHUTTE & KORTING CO., H. ©. Woodward ........-.. ec eeceeeececeeeeeces Philadelphia 
STANDARD PRESSED STEEL Cg PE CPOOWOOE oc cc ccc cesccccescons Jenkintown, Pa 

STOKES & SMITH CO., L. W. Findlay SUNS Ope ORS SH Oo es cerecrencocecgsceas Philadelphia 
Nee aes ac meine ecececcsvacean Bridgeport, Pa 

rr Crh. A, Oh, MRE, MO, voce cc ccscccccseccccescoveues Philadelphia 
ere ae ee, SEED Wes, MROROIG Bl, THOR occccccccccccsccccccccccccceses Philadelphia 
ee, Es hinnk Ci bub 66 Chied A vcs CN Hoscececcesscceoenes Philadelphia 

WIEDEMANN MAOHINE CoO., Theo. A. Wiedemann ............ccceceeseeces Philadelphia 
a a ia kk ce palais apis a b Bia a co-a 0060's 00'b ease ev soa be Chester, Pa 
WOOD, IRON & STEEL OO., ALAN, H. C. Thomas, Pres. ..........cccccveees Philadelphia 






PITTSBURGH CHAPTER 





ee ee S.C cana ass CAGE a ee's wEeobs cae ceeeeee ened Braeburn, Pa 
COLONIAL STEEL CO., George P. Rhodes, Pres. ........cccccccccesccccccccees Pittsburgh 
DUQUESNE STEEL FOUNDRY CO., W. E. Troutman ............ceeeeeees Coraopolis, Pa. 
i i a a a ie aces ben mede omerits cee 6 McKeesport, Pa. 
ee ee A OE, NE, PO, vc ccc ccc c cc cterecsewecese tecvese Pittsburgh 
is OO I na ons cee edwbeetdiccacince ee ceececcesie Pittsburgh 
re 2 as lie kdieds cabiee be be 00 te o0 seen Pittsburgh 
JONES & LAUGHLIN STEEL O0O., H. W. Graham ....... cc cece cece cee eccccees Pittsburgh 
re re ek ses chew hn e Hee bebe se Ch sca eeeesecas Latrobe, Pa. 
ee ns Ce, Gh, URED Sec ck new eddcceeccecesenceeceees Pittsburgh 
ee ee Ec. Gas oe bs eS BEAU es eweeccccesceeesese Pittsburgh 
rr re cv oncedmhwasecaesces East Liverpool, Ohio 
NUTTALL & CO., R. D., C. E. Re iN a ee ee Pittsburgh 
OLIVER IRON & STEEL Ses eee Ce BO, TOUR, Edin sin civ Reco vccccseous Pittsburgh 
ee rk. ee, We, MOO osc 'etn ode cw eeececdsicet cone deees Pittsburgh 
PITTSBURGH ROULS CORP., Q. S. Snyder, Vice-Pres. ...........ceceeeccceces Pittsburgh 
er rn ee or Oe, CUE, <lis cin 66 o¥ ¢ Udewde pose eeecevsccceee Pittsburgh 
eee eens COO... Rates PROGMRAM, PrGR oo c cis ce iicceccceccecccceses Pittsburgh 
UNION DRAWN STEEL CO., J. D. Armour, Metallurgist .............. Beaver Falls, Pa. 
ee ned ab Cow's CRMLER ERS © Cuba ad eeeconcuseecueed Pittsburgh 
UNION SWITCH & SIGNAL OO., O. W. Buenting, Works Mgr. ............ Swissvale, Pa. 
UNITED ENGINEERING & FOUNDRY CO., Robert D. Hopkins ............ Vandergrift, Pa. 
es es Oe BOD ca doc tase b cc bwb Bees os ccdecesdacs Bridgeville, Pa. 
VANADIUM ALLOYS STEEL CO., Roy C. McKenna ............cccecccccccees Latrobe, Pa. 
VANADIUM CORP. OF AMERICA, B. D. Saklatwalla, Gen. Supt. .......... Bridgeville, Pa. 
ee ee ia ss oe kw nlc GN Sis MONG ee ne eee sce e ees eeete Aliquippa, Pa. 


WESTINGHOUSE ELECTRIC & MFG. CO., T. C. Kelley, Mgr. ............-. Mansfield, Ohio 







RHODE ISLAND CHAPTER 


BROWN & SHARPE MFG. O0., P. ©. DeWolf ....cccccccccccccvccccecs Providence, R. I. 
CONTINENTAL WOOD SCREW CO., P. Sweeney, Treas. and Gen. Mgr. ..New Bedford, Mass. 
GROSBY oe J. D., Robt. G. Ashman, Gen. Mgr. eens Gh heb ere 08 Wes 0 Cau Pawtucket, R. I. 
HAYES, C. en ccs Sacer  aeat% ike thee cc vaiaede Providence, R. I. 
VIOTOR RING i ce pa de heh a Siee O44 Os 204 bbMEEEES VOSS OHSS Providence, R. I. 
ee Ce a. ocak thes aos CAME «wi anes 6. > eS c0ee Oo 000s Phillipsdale, R. I. 







ROCHESTER CHAPTER 


AMERICAN LAUNDRY MACHINERY OO., A. K. Dean .............0005- Rochester, N. Y. 
BAUSCH & LOMB OPTICAL CO., W. L. Patterson ............ccceeees Rochester, N. Y. 
ee PO Ee os xc ok chins 6.0.00 KOC RMN SC Od kG 6 Ueda cto desen Rochester, N. Y. 
HIGH SPEED HAMMER CO., INC., W. A. Rockenfield, Vice-Pres. ........... Rochester, N. Y. 
NORTH EAST ELECTRIC CO., T. L. Lee, Chief Engineer ................ Rochester, N. Y. 
ROCHESTER GAS & ELECTRIC CORP., Edward L. Wilder ............... Rochester, N. Y. 
STROMBERG OCARLSON TELEPHONE MFG. ©CO., G. A. Braddock ........ Rochester, N. Y. 
TAYLOR INSTRUMENT COMPANIES, P. R. Jameson, Supt. .............. Rochester, N. Y. 







ROCKFORD CHAPTER 
BARBER-COLMAN CO. 


ELOO TOOL & SOREW CORP., H. O. Swanson, Secy. ........ccccccccvcccses Rockford, Il. 
MATTISON MACHINE WORKS, ©. L. Mattison ..........cccccccccnccccens Rockford, Il. 
en aS gas wh we RS SWORD OO oo Seb ec eee n'a 68 Rockford, Tl. 
er rr i oss Cac ed eebgs Aeb eb 660k ogee Ke cebeses see Rockford, Ill. 
OSBORNE OIL CO., Geo. E. chines COMES OM gay wan bbs eden cbse ees ee Rockford, Tl 


ROCKFORD GAS LIGHT & COKE CO., H. & Whipple, Mgr. ........cceccees Rockford, ml. 






SCHENECTADY CHAPTER 


es res G0D., Oe Mi. CU coc ceesasecececeetbodecesecese Schenectady, N. Y. 
Ree Ween C., Ee. Gi TRMCMOEIEE cee ccccacennccccivccesecctcvcoces Watervliet, N. Y. 
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SOUTHERN TIER CHAPTER 


A & J MANUFACTURING CO., C. E. Kail Binghamton, N. Y. 
ELMIRA WATER, LIGHT & R. i a en wc cediaa bhitiwecseeveteds Elmira, N. Y. 
GENERAL ALLOYS CoO. 


SE PEP a ot oc eT EERIE PETC COLE ee oo 
INGERSOLL-RAND CO., James Sturrock, Jr. 

INGERSOLL-RAND cO.. Ward E. Lincoln .... 

INGERSOLL-RAND CO., Chas. A. Northrup Athens, Pa. 
INGERSOLL-RAND CO., E. J. Smith i , a 


KENNEDY VALVE MFG. CO., THE, G. M. Thrasher 


5s tated actu eiarin ane @dcetdl WO Elmira, N. Y. 
MAYDOLE HAMMER CO., DAVID Norwich, N. Y. 


SPRINGFIELD CHAPTER 


CHAPMAN VALVE MFG. CO. Indian Orchard, Mass. 
SPRINGFIELD GAS LIGHT CO., E. L. Woods, Ind. Gas E Spri 


‘ Gas Eng. Springfield, Mass, 
VANADIUM ALLOYS STEEL CoO., D. A. Black, Dist. Mgr. Springfield, Mass. 


ST. LOUIS CHAPTER 


ATLAS TACK CORP., G. H. Froelich, Supt. . Louis 
CARPENTER STEEL CO., W. S. Dunlap . Louis 
OENTURY ELECTRIC CO., E. Kummings, Mechanical Engineering Dept. . Louis 
CURTIS & CO. MFG. CO., F. Ackerman, Vice-Pres. and Works Mgr. ‘ . Louis 
GRANITE CITY STEEL CoO., G. H. Niedringhaus, Works Mgr. 

HOUGHTON & CO., E. F., T. L. Holland 

LACLEDE GAS LIGHT CO., W. H. Whitton 

LACLEDs Game Wa We me. MEIO, AGN! Ge BIE 6c ec cccccwcccccesccces Alton, Til. 
LESCHEN & SONS ROPE OCO., L. T. Clarke . Louis 
RYERSON & SON, INC., JOS. T., H. B. Ressler, Mer. . Louis 
SCULLIN STEEL C©O., H. E. Doerr, Gen. Supt. . Louis 
SOUTHERN MANGANESE STEEL CoO., E. F. Mitchell . Louis 
UNION ELECTRIO LIGHT & POWER CO., T. S. Carter, Ind. Heating Eng. 

WESTERN CARTRIDGE CO., H. S. Speir 


ere ee ee ee ae ee East Alton, Ill, 
WESTERN CARTRIDGE CO., E. H. Meyers East Alton, Ill. 


SYRACUSE CHAPTER 


BROWN-LIPE-CHAPIN CO. Syrcause, N. Y. 
CRUCIBLE STEEL COMPANY OF AME »A, eh l0!”UlUmelU RS ere Syracuse 
HALCOMB STEEL CO. 


Syracuse, N, Y. 
NEW PROCESS GEAR CO., INC. ; Syracuse, N. Y. 


TRI CITY CHAPTER 


BETTENDORF CO., J. W. Bettendorf, Pres. Bettendorf, Ia. 
DEERE & O©O., H. Bornstein, Rep. Moline, Ill. 
FRENCH & HECHT, E. E. Einfeldt Davenport, Ta. 
INTERNATIONAL HARVESTER CO., E. H. Sohner Il, 
MOLINE TOOL O©O., W. P. Hunt, Pres. Ill. 
PEOPLE’S POWER O0., George A. Uhimeyer ine, Ill, 
VELIE MOTORS OORP., William Donohoo eet my Ta. 
WILLIAMS, WHITE & CO., H. H. Roge i 


Moline, Ill. 
YELLOW SLEEVE VALVE ENGINE WORKS, INC., Earl A. Taylor East Moline, Il. 


WASHINGTON-BALTIMORE CHAPTER 


BLACK & DECKER MFG. CO., Henry W. Kasper Baltimore 
DEAMBom Gmmmrals O0., ©. A. BGO oc cccccccccevcccccccsccscess New York City 
GATHMANN ENGINEERING CO., Emil Gathmann, Gen. Mgr 


. Mgr. Baltimore 
RUSTLESS IRON CORP. OF AMERICA Baltimore 


WORCESTER CHAPTER 


AMERICAN STEEL & WIRE CO., R. C. Helm Worcester, 
BATHE Oe Cy Gemes SOMM DAG, PIG os ccc ccce cere ccccccccccccccces Worcester, 
HEALD MACHINE CoO., A. A. Whitcomb, Wks. Mgr. Worcester, 
LELAND-GIFFORD O©O., A. J. Gifford Worcester, 
MORGAN CONSTRUCTION COo., O. W. Johnson, Supt. Worcester, 
ROCKWELL CO., STANLEY P., Wm. A. Stumpf Worcester, 
WHITINSVILLE ‘SPINNING RING COo., 8S. F. Brown, Agent Whitinsville, 
WORCESTER GAS LIGHT CO., J. A. Nixon 


Worcester, 
WYMAN-GORDON CoO., F. E. Wellington Worcester, 
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AMERICAN SOCIETY for STEEL TREATING 
Standing Committees 


FINANCE COMMITTEE 








J. M. WATSON, Chairman Members* : 
Hupp Motor Oar Corp. W. A. Atkins, Indianapolis ’29 A. O. Fulton, Boston ’28 
Detroit Zay Jeffries, Cleveland ’28 J. B. Dillard, Cleveland '30 












PUBLICATION COMMITTEE 


Members: 
PROF. H.M.BOYLSTON,Chairman’  E, E,. Thum, New York ’28 A. H. d’Arcambal, Hartford '28 
Case School of Applied Science C.M.Johnson,Pittsburgh’28 Jerome Strauss, Pittsburgh ’30 




















Cleveland 8. C, ee Syracuse ’28 ee ey 29 
W. B. COLEMAN, V.-Chairman J. L, McCloud, Detroit’29 A.W.F.Green,Philadelphia ’29 
Philadelphia E. C. Bain, New York ’30 G. ©. Lilly, Lehigh Valley ’29 








RAY T. BAYLESS, Secy. 
7016 Euclid Ave., Cleveland 


CONSTITUTION AND BY-LAWS COMMITTEE 


E. F. Ross, Cleveland ’30 
















S. M. HAVENS, Chairman ’28 Members: 
Ingalls-Shepard Division H, E. Handy, Boston °30 H. J. Stagg, Syracuse ’29 
Wyman-Gordon Co. F.H.Franklin,Providence’28 T. E, Barker, Chicago ’29 





Harvey, Ill. O. T. Muehlemeyer, Rockford ’30 


RECOMMENDED PRACTICE COMMITTEE 














W. J. MERTEN, Gen. Chairman’30 Members: 
Westinghouse Electric & Mfg. Co. L. B. Case, Detroit ’30 F.C, Langenberg,NewYork ’28 
East saan J. H. Gibboney, Roanoke ’29 P. O. Osterman, Elizabeth ’29 
J. EDWARD DONNE N, Secy. R, 8. Archer, Cleveland ’30 G. H. Wright, Schenectady’29 





7016 Euclid Ave., Clevelan J. A. Mathews, New York ’28 


JOINT COMMITTEE ON HEAT TREATMENT DEFINITIONS 
A. 8. 8. T. Representatives J. Fletcher Harper, Bradley Stoughton, W. J. Merten 









Sub-Committees 
HEAT TREATMENT OF TOOL STEEL 











Members : 
J. P. Gitt, Chairman J. A. Succop, Pittsburgh A. D. Beeken, Jr., Pittsburgh 
Vanadium Alloys Steel Co. W. H. Phillips, Pittsburgh au Taylor, Pittsburgh 
Latrobe, Pa. DuRay Smith, Pittsburgh OC. M. Johnson, Pittsburgh 








A. M. Cox, Pittsburgh Frank Garratt, Pittsburgh 
N. B. Hoffman, Pittsburgh 


RELATION OF DESIGN TO HEAT TREATMENT 












Members: 
A. H. p’ArcaMBAL, Chairman, H. J. Stagg, Syracuse G. N. Prentiss, Milwaukee 
Pratt & Whitney Co., F. R, Palmer, Reading F. T. Quinlan, New Haven 








Hartford, Conn. E. E. Chapman, Milwaukee fF. B. Lounsberry, Buffalo 


MEASURING CASE DEPTH 
















8. P. RockwsuL, Chairman Members: 
66 Trumbull St. F. C. Raab, Syracuse R,. W. Woodward, Hartford 
Hartford, Conn. B.F.Shepherd,LehighValley R. J. Allen, Springfield 





MANUFACTURE AND HEAT TREATMENT OF SHIP, CRANE AND 
BRIDGE CABLE 
be 


Members: 
H. ©. es seats 
Autocar Com Haakon Styri, Philadelphia 

Philadelphia H. C. Boynton, Philadelphia 


CARBON STEEL GEARS 
Members: 
Hyman Bornstein, Chairman, A. C. Howat, Pittsburgh 
Deere & eeeny F. C. McGee, Tri-City 
Moline, Il. J. R. Page, Roanoke 


*The numerals following each committeeman’s name indicate that his term of office on 
that Committee expires December 31 of the year expressed. 


B. B. Bachmann, Chairman 
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HARDNESS TESTING OF METALS 


H. M. German, Chairman H. C, Boynton . Lanning 
Universal Steel Co. R. C. Brumfield + a . L. Davis 
Bridgeville, Pa. 8. L. Goodale ae . E, Field 
H, P. Hollnagel . N, Petrenko . T. Bayless 
F. C. Langenberg . L. Whittemore . W. Boston 
J. J. Curran . R. Williams 


MEOHANISM OF CEMENTATION 
v. N. Krivopox, Chairman Members: 
Carnegie Institute of Technology W. I. McInerney, Pittsburgh H, ©. Ihsen, Pittsburgh 
Pittsburgh C. H. Herty, Jr., Pittsburgh W. B. Crowe, Pittsburgh 


HEAT TREATMENT OF STEEL CASTINGS 
A. N. Conarrog, Chairman Members: 


National Malleable and Steel A. W. Lorenz, Milwaukee Fred Grotts, St. Louis 
Castings Compan A. T. Baumer, Milwaukee A. E. White, Detroit 


y 
Melrose Park, Ill. A. M. Johnson, Chicago L. W. Spring, Chicago 


COLD DRAWING PROCESS 


Kenneru B. Lewis, Chairman Members: 
Morgan Construction Co., F. J. Conner, Worcester Ray Helm, Worcester 
Worcester, Mass. A. E. Kenworthy, Worcester Carl Lund, Worcester 
E. E, Legge, Worcester 


INSTITUTE OF METALS DIVISION OF A. I. M. E. ON NONFERROUS 
DATA SHEETS 


R. S. ArcHER, Chairman Members: 
Aluminum Company of America, Jerome Strauss, Pittsburgh F. L. Wolf, Mansfield, O. 
Cleveland C.H.Mathewson, New Haven’ T. 8, Fuller, Schenectady 


HEAT TREATMENT OF SPRING STEEL 
Members : 
W. H. Puiwuips, Chairman F. P. Zimmerli, Detroit C. G. Shontz, Cleveland 
Molybdenum Corp. of America Frank Zeleny, Aurora, Ill. H, G. Peebles, Detroit 
Pittsburgh DuRay Smith, Pittsburgh A. J. Wilson, Massillon 
G. M. Eaton, Pittsburgh Elmer Larned, Chicago 
J. M. Lessells, Pittsburgh 


HEAT TREATMENT OF SPLINE SHAFTS 


Members : 
A. H. FRAVENTHAL, Chairman H. Stanley Binns, Cincinnati Walter Hildorf, Detroit 
Studebaker Corporation, G. B. Troxell, Lehigh Valley R. B. Schenck, Detroit 
South Bend, Ind. A. J. Wilson, Massillon H. L. Green, Detroit 


DEEP ACID ETCHING 


Members: 
H. G. Kesnran, Chairman G. J. Comstock . P. Gill 


Chase Brass & Copper Co., Inc. F. R. Palmer . J. Fischbeck 
Waterbury, Conn. ; ‘ . J, Curran 

L. A, Lanning M. G. Yatsevitch 
N. B. Hoffman W. R. Shimer 


COLD HEADING, ROLL THREADING AND HEAT TREATMENT 
OF BOLTS 


CHARLES Newruer, Chairman E. Slaughter, Cleveland 8. Hersch, Cleveland 
Bourne Fuller Company, L. Guscott, Cleveland W. Cooke, Cleveland 
Cleveland H. B, Pulsifer, Cleveland A, E. Buelow, Cleveland 


Co-operative Committees 


National Research Ccuncil, Division of Engineering H. M. Boylston 
War Department, U. 8. A. H. J. French 
Advisory, Bureau of Standards T. D. Lynch, A. E, White 
Sub-Committee XIV on Tool Steels of Com. A. 1, A. S. T. M. J. P. Gill 
American Society of Mechanical Engineers, Special Research Committee 

on the Cutting and age ng | of Metals H, J, French, W. Paul Eddy 
Research Committee on Springs, A. 8. M. E. J. W. Rockefeller, Jr. 
Joint Research Committee on Welded Pressure Vessels, A. S. M. E. J. J, Crowe 
National Safety Council, Chain Annealing Committee W. J. Merten 
Sub-Committee on Methods of Chemical Analysis of Comm. A-1, A. 8. T. M. C. M. Johnson 
Committee A3, A. S. T. M. on Cast Iron Hyman Bornstein 
American Society of Mechanical Engineers, Engincering Index F. F. Lucas 












BOSTON CHAPTER 

H. B. Parser, Chairman, 
Trimont Mfg. Co., 
Roxbury, Mass. 

H. E. Hanpy, Secy.-Treas., 

Saco-Lowell Shops, 

Biddeford, Me. 


BUFFALO CHAPTER 
Bisuop CLements, Chairman, 
Curtiss Aeroplane & Motor Corp., 
Buffalo, N. Y. 
F. L. Weaver, Secretary, 
American Radiator Co., 
Bond Plant, Buffalo, N. Y. 
J. H. Brrpsone, Treasurer, 
Pratt & Letchworth, 
Buffalo, N. Y. 


CANTON-MASSILLON CHAPTER 

E. ©. Situ, Chairman, 

Central Alloy Steel Corp., 
Canton, Ohio. 

Ropert Serorson, Secretary, 
Central Alloy Steel Corp., 
Canton, Ohio. 

R. L. Wriison, Treasurer, 
Timken Roller Bearing Co., 
Canton, Ohio. 





CASE GROUP 

W. E. Sicua, Chairman, 
8201 Library Ave., 
Cleveland. 

H. E. A. Dorgr, Secy.-Treas., 
1934 E. 90th St., 
Cleveland. 





CHICAGO CHAPTER 

A. M. Sreever, Chairman, 
Great Lakes Forge Oo., 
Chicago. 

J. A, Comstock, Secy.-Treas., 
People’s Gas Light & Coke Co. 
Chicago. 





CINCINNATI OHAPTER 

G. M. Enos, Chairman, 

University of Cincinnati, 
Cincinnati. 

N. C. Srronumpneer, Secy.-Treas., 
Tool Steel Gear & Pinion Oo., 
Elmwood Place, 

Cincinnati. 





CLEVELAND CHAPTER 

D. M. Gurney, Chairman, 
Warner and Swasey Co., 
Cleveland. 

James 8. Ayrutne, Secy.-Treas., 
Case Hardening Service Co., 
Cleveland. 


COLUMBUS GROUP 

S. Z Krom, Chairman, 
Buckeye Steel Castings Co., 
Columbus, Ohio. 

G. D. Momssner, Secy.-Treas., 
Buckeye Steel Castings Co., 
Columbus, Ohio. 





DAYTON CHAPTER ' 

J. B. Jounson, Chairman, 
Chief of Material Branch, 
Wright Field, 

Dayton, Ohio. 
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F, M. Reiter, Secretary, 
Dayton Power & Light Co., 
Dayton, Ohio. 

L. H. GRENFELL, Treasurer, 
Frigidaire COorp., 

Dayton, Ohio. 


DETROIT CHAPTER 
F. P. Zmmmeru, Chairman, 
Barnes-Gibson-Raymond Co., Inc., 
Detroit. 
J. G. Gaenon, Secy.-Treas., 
Hudson Motor Car Co., 
Detroit. 


FORT WAYNE GROUP 

H. B. Knowtton, Chairman, 
International Harvester Co., 
Fort Wayne, Ind. 

M. W. Martin, Secy-Treas., 
Northern Indiana Public Service Co., 
Fort Wayne, Ind. 


GOLDEN GATE CHAPTER 

Dr. WeutTon J. Crook, Chairman, 
Stanford University, 
Stanford, Calif. 

H. E. Morssg, Secy.-Treas., 
Morse Laboratories, 
954 Howard St., 
San Francisco. 





HARTFORD CHAPTER 

J. ©. Kreuman, Chairman, 
The New Departure Mfg. Co., 
Bristol, Conn. 

H. I. Moors, Secy.-Treas., 
Firth-Sterling Steel Co., 
Hartford, Conn. 





INDIANAPOLIS CHAPTER 

E, J. P. Fisuer, Chairman, 
Clarence H. Beach Co., 
1412 Merchants Bank Bldg., 
Indianapolis. 

N. R. Gorsvcn, Secretary, 
Citizens’ Gas Co., 
Indianapolis. 

R. S. Smiru, Treasurer, 

E. ©. Atkins & Co., 
Indianapolis. 


LEHIGH VALLEY CHAPTER 
W. L. TrompBaver, Chairman, 
Bethlehem Steel Co., 

Bethlehem, Pa. 

H. V. Apa@ar, Secy.-Treas., 
Ingersoll-Rand Co., 
Phillipsburg, N. J. 





LOS ANGELES CHAPTER 
Waps Hampton, Chairman, 
Hughes Tool Co., 

Los Angeles. 

H. V. Ruru, Secy.-Treas., 
Ducommun Corp., 
Los Angeles. 


MILWAUKEE CHAPTER 

M. G. Jewett, Chairman, 
Chain Belt Co., 
Milwaukee. 

L. J. RapermMacuer, Secy.-Treas., 
Kempsmith Mfg. Co., 
Milwaukee. 
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MONTREAL CHAPTER 
RopertT Jos, Chairman, 
Milton Hersey Co., 
Montreal, Que., Canada. 
D. G. MacInngs, Secretary, 
877 Claremont Ave., Apt. 35, 


Westmount, Montreal, Que., Canada. 


GorDON SPROULE, Treasurer, 
McGill University, 
Montreal, Que., Canada. 


NEW HAVEN CHAPTER 

HaroLp FisuH, Chairman, 
Ready Tool Co., 
Bridgeport, Conn. 

F. E. STocKWBLL, Secretary, 


Standard Oil Company of New York, 


New Haven, Conn. 

W. G. AURAND, Treasurer, 
R. Wallace & Sons Mfg. Co., 
Wallingford, Conn. 


NEW YORK CHAPTER 
F. F. Lucas, Chairman, 


Bell Telephone Research Laboratories, 


New York City. 

T. N. Houpen, Jr., Secy.-Treas., 
E. W. Bliss Co., 
Brooklyn, N. Y. 


NORTH-WEST CHAPTER 
A. G. Zima, Chairman, 


Western Crucible Steel Casting Co., 


Minneapolis. 

ALExIS CASWELL, Secy.-Treas., 
Manufacturers’ Assn. of Mpls., 
Minneapolis. 


NOTRE DAME GROUP 

ERNEST J, WiiHELM, Chairman, 
1527 So. Michigan St., 
South Bend, Ind. 

Cuas. E. McDermott, Secretary, 
511 E. Howard St., : 

_ South Bend, Ind. 

WiLLIAM J, JOHNSON, Treasurer, 
Sorin Hall, 
Notre Dame, Ind. 


ONTARIO CHAPTER 

W. O. OLIVER, Chairman, 
Steel Company of Canada, 
Toronto, Canada. 

L. F. Firzpatrick, Secy.-Treas., 
Flexible Shaft Co., 
349 Clarlaw Ave., 
Toronto, Canada. 


PHILADELPHIA CHAPTER 

Dr. R. H, Patou, Chairman, 
E. F. Houghton & Co., 
Philadelphia, 

A. W. F. Green, Secy.-Treas. 


The John Dlingworth Steel Co., 


Philadelphia, 


PITTSBURGH CHAPTER 
W. I. McInerney, Chairman, 
Pittsburgh Crucible Steel Co., 
Midland, Pa. 
H. L. Waker, Secy.-Treas., 
414 Tripoli, 
N. §&., Pittsburgh. 


RHODE ISLAND CHAPTER 
E. J. Sunuivan, Chairman, 
Universal Winding Co., 

Providence, R. I. 
C. G. Pprerson, Secy.-Treas., 
Providence Gas Co., 
Providence, R. I. 
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ROCHESTER CHAPTER 

C. F. Wartret, Chairman, 
Northeast Electric Company, 
Rochester, N. Y. 

Irving C. Mattuews, Secy.-Treas., 
Research Bureau, 
Eastman Kodak Co., 
Rochester, N. Y. 


ROCKFORD CHAPTER 

R. M. Smiru, Chairman, 
National Lock Co., 
Rockford, Il. 

G. R. Monks, Secy.-Treas., 
700 Race St., 
Rockford, Il. 


SCHENECTADY CHAPTER 

Pror. M. F. Sayre, Chairman, 
Umion College. 
Schenectady, N. Y. 

F. P. Corrin, Secy.-Treas., 
General Electric Co., 
Schenectady, N. Y. 


SOUTHERN TIER CHAPTER 
bD. M. Coox, Chairman, 
David Maydole Hammer Co., 
Norwich, Ae A 
W. H. Oapen, Secy.-Treas. 
617 Peoples Trust Bldg., 
Binghamton, N. Y. 


SPRINGFIELD CHAPTER 

F. E. Srrickpr, Chairman, 
56 Harrison Ave., 
Springfield, Mass. 

E. L. Woops, Secy.-Treas., 
Springfield Gas Light Co., 
Springfield, Mass. 


ST. LOUIS CHAPTER 

W. E. RemmMers, Chairman, 
Washington University, 
St. Louis. 

C. G. Werscueip, Secy.-Treas., 
Colonial Steel Co., 
St. Louis. 


SYRACUSE CHAPTER 

J. J. DriscoLu, Chairman, 
Crucible Steel Co. of America, 
Syracuse, N. Y. 

K. J. MacKenzig, Secy.-Treas., 
341 Palmer Ave., 
Syracuse, N. Y. 


TRI-CITY CHAPTER 

George A, UHLEMEYER, Chairman, 
People’s Power Co., 
Moline, Ill. 


WASHINGTON-BALTIMORE CHAPTER 


H. K. HerscHMAN, Chairman, 
Bureau of Standards, 
Washington. 

J. E. Crown, Secy.-Treas., 
727 5th St., 
Washington. 


WORCESTER CHAPTER 
R.E. BiapLow, Chairman, 
Geo. F. Blake, Jr. & Co., 
Worcester, Mass. 
Cc. G. Jounson, Secy.-Treas., 
Worcester Polytechnic Institute, 
Worcester, Mass. 

















































































































































































































































































































































































Drawing Hack-Saw Blades 


RAWING saw-blades properly is a rather tough job—for, of course, the teeth must 
be hard, without being too brittle. Consequently, a uniform temperature of the draw: 
ing oil is important. 


This is why the W. O. Barnes Company of Detroit installed this Hoskins Electric Oil Bath. 
The oil is now always of the right temperature and their hack and band-saws are uniformly 
good—hard and tough. 


The bath is 24” x 32” x 32” (deep) and holds 67 gallons of oil when two-thirds full. It 
holds at 375° F. on about 3 K, W. Similar baths are also installed in the Ford and Liz 
coln plants. For more facts, write for Catalog 51-M. 


HOSKINS MANUFACTURING COMPANY 
4437 Lawton Avenue, Detroit 
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SPECIAL ANALYSIS STEEL 


3eth must 
the draw- 





Oil Bath. S H E E iL S 


uniformly 


full. It A B A R S 


and Lin- 


‘aXivexi 


Yariv 


avery 


1 


4 


SIMONDS STEEL MILLS 


Lockport, New York 


Amini 
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When writing to Simonds Steel Mills, please mention TRANSACTIONS 





TRANSACTIONS OF THE A.8.8.T. 


Employment Service Bureau 


This bureau is for all members of the Society. Want ads will be printed at 
the following rates: minimum of 30 words $0.50; each additional word $0.09. 

This service is also for employers, whether members of the Society or not 
Rates for this service are as follows: minimum of 50 words $1.00; each addition] 
word $0.02, Fee must accompany copy. 


Address answers care of AMERICAN SOCIETY FOR SV EEL TREATING 
7016 Euclid Ave., Cleveland, unless otherwise stated. 


POSITIONS OPEN of good techni al education. Must possess initiatiys 
and resourceful 1ess. Should be under thirty-five year 
SALESMEN FOR MIDWESTERN STATES: Experi- of age. Large progressive plant located in Middle 
enced in selling high grade tool steels; one with West. Address 12-10. 
metallurgical, heat treating, tool room or machine 
shop experience preferred. State age, married or 
single, past and present employers, experience in de- 
tail and phone number. Address 12-5. 


POSITIONS WANTED 


METALLURGICAL ENGINEER: Experienced in op. 

J ganization and supervision of raw material contro} 

WANTED EXPERIENCED METALLURGIST: Thor- and heat treating. University graduate with practical 

oughly familiar with large production shop gray and technical experience in Ferrous and Non-Ferroys 

iron foundry control. Sand testing, high tensile iron, alloys. Responsible connection desired. Best refer. 
cupola burdens, chilled iron. Must have background ences available. Address 11-10. 


Library Service for Members 


The Library Bureau of the American Society for Steel Treating is operated to give to the 
members quickly, reliably and at the minimum expense the following service: 

1. A complete copy of the magazine article referred to in any periodical you may be 
reading. 

2. A Translation of foreign articles that would help you with your work. 

3. A list of references to books and articles on any metallurgical subject. 


4. Informing the members of new articles of interest to them as an engineer. 
5. Patent Reviews. 


The Library Bureau makes the entire field of literature available to every member, distance 
is eliminated, for it will copy the desired information and send it to you. It also helps the 
busy man by supplying information without any expenditure of his time. ‘The charge for this 
personal work is merely its cost. 

Through the courtesy of Nelson Littell, we have secured an additional library service for 
members of the A. 8S. S. T. This service comprises the selecting and supplying of copies of 
current patents, on specified subjects, as they are issued by the Patent Office 

Mr. Littell wii: review the Official Gazette each week, selecting those patents on subjects 
desired by individual subscribers, and order separate copies mailed directly to them from the 
U. 8. Patent Office. Subscribers may specify the field of patents which would be of interest, 
or they may supply a list of their products and manufacturing processes whereby Mr. Littell 
could judge as to what current patents would be of interest to them. 

The cost for this service is $10.00 per year, plus 10 cents per copy for each copy of a 
patent furnished. 

The Library Service does not obtain any profit from the work, but does this to make the 
information contained in the large iibraries with which it has connection available to every 
member, The rates are as follows: 


Photo Print Copies of articles, drawings, etc., 25c per 10x14-inch sheets. 
Searches, abstracts, etc., $2.00 an hour. 


Translation, $6.00 per thousand words for French or German; 7.50 and upwards 
for other languages. 


Reference card service, giving reference to current magazine articles, $10.00 a year 
in advance, and ic for each card mailed. 


Members desiring to avail themselves of this service should address Librarv Bureau, 


AMERICAN SOCIETY FOR STEEL TREATING 


7016 EUCLID AVENUE CLEVELAND, O. 
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BOX BULLETIN 


Published by 
General Alloys Co. 


Edited by 
H. H. HARRIS 


“You have not read 
Transactions until 
you’ve read The 


BOX BULLETIN” 
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ENERAL ALLOYS COMPANY 


When writing to General Alloys Company, please mention TRANSACTIONS 
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Yes, Bet on the Elections 


VERY four years you can play the long shots with four or five to one against them if 

you have your own money to lose and enjoy risking it. That appeals to the “gamblin 
instinct” which is a small part in the human brain that the phrenologists have not located, 
It’s really “ego,” that instinct. 


The reason most people gamble is they don’t think they are gambling, they think they are 
playing a sure thing and that it’s the other fellow who is gambling. In politics they can 
never be sure of that. In buying Q-Alloys they can. 


Furnace manufacturers and others who sell alloys as part of their product, whose repute 
tion is at stake on alloy performance, do not do much gambling. They specify Q-Alloys, 
known products of established performance. They are the professional gamblers who pick 
the “sure thing,” meaning the contender supported by logic and performance, a guaranteed 
producer, not a “hunch.” 


Small companies and even pennywise executives in large ones frequently risk entire pro- 
duction schedules on a few cents per Ib. initial saving on some alloy that they can’t know 
anything about until they have tried it, for the good reason that the manufacturer selling 
it has insufficient experience to know anything about it himself. When they try it two or 
more years are generally necessary to prove it’s worth the price. That two year interval 
is lost to you if your choice is wrong, and you have not had the wisdom to equip with good 
alloys while you are testing the “cheap” ones. Don’t gamble on alloys—specify “Q.” 


Citete nu 


When writing to General Alloys Company, please mention TRANSACTIONS 
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BOX BULLETIN SUPPLEMENT PAGE Ill 


Not Butter Paddles--N either 


Are They Battery Grids 


—but they are as mechanically perfect as 
a die cast battery grid plate and clean 
enough to roll butter balls if necessary. 


A far-sighted engineer who improves his 
process applying these bits of Q-Alloy 
wanted good alloy and got it by the expe- 
ditious process of ordering the highest 
grade alloy made, getting sound, clean 
castings up to his expectations. The cast- 
ings are certainly Q-Alloy and the photo- 
graph unretouched, of course. 


When writing to General Alloys Company, please mention TRANSACTIONS 
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BOX BULLETIN SUPPLEMENT PAGE IV 


Pigs, Slabs, Plates, Blooms, Nuts, 
Hacksaws, Razor Blades, or 
What Have You? 





qT doesn’t matter much what the requirement—there 
is quite apt to be a Q-Alloy chain to meet it if high 
temperature operation enters into the specification. 





Link-Belt Company sup. 
ly Q-Alloy chain exclusive. 
ly for high temperature re. 
quirements, and we refer 
you to them for the best heat 
resisting chain obtainable, 
cast from Q-Alloy and fin- 
ished to Link-Belt specifica- 
tions in Link-Belt shops. 





These are only a few of 
the standard links available. 
Where can you use hot 
working chain to advan- 
tage? 


When writing to General Alloys Company, please mention TRANSACTIONS 
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BOX BULLETIN SUPPLEMENT PAGE V 


Burner Tips 


with good, dependable service are a 
great economy over the old fashioned 
kind that crack, burn and gum up with 
oxide. 


Give your furnaces a chance to produce 
uniform work by feeding them uniform 
fuel. Burner tips are just another one 
of the small items where an ounce of 
good alloy in the right place may be 
worth a twenty dollar bill in plant 
economy. | 


What have you in your plant that would 
last longer and give better service and 
be cheaper in ultimate cost if it were 


made in Q-Alloy? 


When writing to General Alloys Company, please mention TRANSACTIONS 
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BOX BULLETIN SUPPLEMENT PAGE V1 


Holcroft Improved Rotary 


ERE we have a free swinging X-ite baffle wall installed 

as part of a Holcroft Rotary Furnace. Note the section 

of X-ite hearth plate for the same furnace set in place below 

the swinging baffle. A 100% X-ite installation on an exacting 
job. 


This type of rotary furnace is finding wide utility in many of 
the largest plants and has a great many uses. It can handle 
large or small parts for annealing, can be used for box car- 
burizing, is practical in use where a fixed cycle semi-automatic 
furnace is required. 


The large majority of furnaces of this type are equipped with 
Q-Alloy or X-ite parts. If you have purchased a furnace with 
inferior alloy parts specify Q-Alloys when ordering replace: 
ment parts from your furnace builder. 


When writing to General Alloys Company, please mention TRANSACTIONS 
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BOX BULLETIN SUPPLEMENT PAGE VII 


Carburizing Containers 
Cast, Sheet, or Sheet and Cast 


Combinations 


N considering your carburizing box re- 

quirements don’t overlook the fact that 
Q-Alloy supremacy has been proven be- 
yond a doubt over a period of years—that 
Q-Alloy boxes cost more money because 
they are worth very much more—that the 
largest carburizing box orders placed in 
the last five years were placed with the 
General Alloys Company for the very 
good reason that Q-Alloys under test sur- 
pass the other materials tested. 


Give us an opportunity to figure on your 
box requirements. We guarantee our 
product on a cash rebate basis. 


When writing to General Alloys Company, please mention TRANSACTIONS 
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Q-ALLOYS 


Most Economical and 
Efficient Materials 
For CARBONIZING BOXES 
ANNEALING BOXES 
CYANIDE AND LEAD POTS 
FURNACE PLATES 
MUFFLES AND RACKS 
TUBES AND RETORTS 
CONVEYOR FURNACES 
GLASS ROLLS AND DIES 
ANY PARTS 


operating between 1000°F. 
and 2200°F. 


GENERAL ALLOYS COMPANY 


General Offices 
BOSTON—27—MASS. 








CHICAGO NEW YORK 
3002 Wallace St. CLEVELAND 26 Cortlandt Street 


DETROIT oon, eee ee INDIANAPOLIS 
General Motors Building Merchants Bank Building 
CINCINNATI ST. LOUIS 
1620 John St. 3314 Morganford Road 


When -writing to General Alloys Company, please: mention TRANSACTIONS 
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POT ANNEALING 


GIVE Brown Pyrometers—four recorders and 
one indicator—are seen in this picture as in- 
stalled for the regulation of temperature in eight 
gas-fired pot annealing furnaces of the Gulf States 
Steel Company. This is an excellent example of 
a Brown Recording Pyrometer installation with 
the instruments mounted in protecting cases which 
effectively shield the recorders from dust, mois- 
ture, fumes and mechanical injury. Let Brown 
engineers solve your heat treating problems. 
Write for Catalogs 15 and 87. Brown Instrument 
Company, 4452 Wayne Avenue, 
Philadelphia, Pa. 


Branches in ¢-; : 
20 principal cities. Economize™Pasco/ 


When writing to The Brown Instrument Oo., please mention TRANSACTIONS 













54-foot twinscrew a.c.f. cruiser, 

powered by two Hall-Scott en- 

gees with vital parts of Vana- 
ium Steel. 









In Hall-Scott Marine Engines 
(made by Hall-Scott Motor Car 
Company, Division of American 
Car and Foun Motors Co.), 
propeller shafts, clutch shafts 
and gears, studs, cap screws, fuel 
pump rotors, valvesprings, spiral 
gears and other important parts 
are made of Vanadium Steel. 














ReQumine almost constant maxi- 
mum load and power output, 
marine service is most exacting on 
the engine. Gears, shafts and springs 
are subjected to severe stresses that 
test their stamina. 


























In Hall-Scott Marine Engines, the 
needed strength, toughness and dura- 
bility have been provided in propeller 
shafts, clutch shafts and gears, fuel 
pump rotors, valve springs, cap screws 
and studs, through the use of Vanadi- 
um Steel for these highly-stressed parts. 



































High in strength, with unusual tough- 
ness and exceptional resistance to 
shocks and fatigue, Vanadium Steel 
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Dependable Marine Engines 
By Hall-Scott 


With Vital Parts of Vanadium Steel 


When writing to Vanadium Corporation, please mention TRANSACTIONS 


in vital parts is a definite safeguard 
of engine performance and manufac- 
turers’ reputations. 


Are you interested in better steels for 
the vital parts of your product? Our 
Metallurgists, skilled in the solution 
of many problems in steel, will gladly 
co-operate with you. 


VANADIUM CORPORATION 
OF AMERICA 
120 Broadway, New York, N. Y. 


Chicago Pittsburgh Detroit 
Straus Bldg. Oliver Bldg. Book Bldg. 


Plants at Bridgeville, Pa., and Niagara Falls, N. Y. 


Research and Development Laboratories 
at Bridgeville, Pa. 





VANADIUM STEELS 


for strength, toughness and durability 
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This Olsen 


Hardness Tester 
has paid for itself—and it is new 


HE well-known Link-Belt Company up to a short time ago sent all 
their Chrome Vanadium Pinion Gears to an outside concern for hard- 
ness tests. 


They now use the new Olsen Motor Drive Tester—and this is the 
report :— 


“Checks purchased material. Saves tool breakage. Was for- 
merly done outside. Olsen speeds up production and avoids 
guesswork. Had no trouble and has paid for itself on number of 
tests made and saving of tools.” 


That’s the story. You can profit by this experience, and make sure of 
each piece tested. Get complete details. 


TINIUS OLSEN 
Testing Machine Company 


502 N. 12th ST., PHILADELPHIA, PA. 


When writing to Tinius Olsen Testing Machine Co., please mention TRANSACTIONS 





































This is the standard reference 
book among some 14,000 de- 









signers, tool room _ superin- 
tendents, die makers, purchas- 
ing agents. No executive re- 
sponsible for tooling up or 
manufacture of stampings and 
pressed metal parts should be 
without this book. Send for it. 








DETROIT, MICH. 
1537 TEMPLE AVE. 
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DANLY MACHINE SPECIALTIES, INC. 


2104-2130 SOUTH 52N2 AVENUE,CHICAGO. 


> 


When writing to Danly Machine Specialties, Inc., please mention TRANSACTIONS 





Die Sets. 
Leader Pin; 


and  Bush- 
ings. 


Socket Head 
Cap and Set 
Screws. 


Socket and 
Fillister 
Head Strip- 
per Bolts. 











Pressure 
Pad, Strip- 
per Plate 
and = Knock- 
out Springs. 


Dowel Pins. 


Bolster 
Plates. 





At your finger tips 
Danly Die Makers’ Supplies 


OU are doing business under self- 

imposed difficulties and needless 

expense if you still make your own 
die sets and die makers’ supplies. 


With the Danly catalogue on hand 
you have a complete line of die mak- 
ers’ supplies at your finger tips, in 
stock ready for delivery on the “spur 
of the moment.” Over 4500 concerns 
are making big savings at extraordi- 
nary convenience by using Danly 
Service. 


Have you a copy of the Danly book—the 
manual of the metal stamping industry? 
If mot, send for it. No obligation. You 
need it. 







LONG ISLAND CITY.N Y 
36-12 34% STREET 
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The inexpensive ADAMANT Gun, 
costing only $25.00, applies re- 
fractory coatings of ADAMANT’. 
ADACHROME (or of ADAMANT 
and other refractories materials) 
on furnace linings. These coat- 
ings seal joints and brick pores, 
giving the lining a protective sur- 
facing that adds greatly to re- 
fractories life. 


ADAMANT 
is also ideal for bond- 
ing tile, fire brick and 
carborundum brick. 
Write for booklets and 
interesting data on 
ADAMANT Fire Brick 
Cement, the Super- 
Refractory ‘Mixtures 
of ADAMANT-ADA- 
CHROME and The 
ADAMANT Gun. 


Tried Thisr 


AINT your cyanide, salt 

and lead pots with a pro- 
tective coating of ADA- 
MANT Fire Brick Cement. 
It retards deoxidation and in- 
creases the life of the pot. 


At the plant of Hydraulic 
Hoist Manufacturing Com- 
pany, where the above picture 


was taken, pots coated with 
ADAMANT last five times 


longer than ordinarily. 


BOTFIELD 


REFRACTORIES CO. 
Swanson and Clymer Sts., 
Philadelphia, Pa. 








For A Long Furnace Run, Use The ADAMANT Gun __ 


PTR E BRICK CEMENT 
me | | 


Whenever You Use a Fire Brick, Use ADAMANT, the Original High Temperature Cement 


When writing to Botfield Refractories Co., please mention TRANSACTIONS 
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“Knowledge is Power” 


Whether your appropria- 
ation is large or small 
you can buy reliable 


ENGELHARD 


Indicating or Recording 


PYROMETERS 

















Engelhard Wall Indicator 






Engelhard instruments come at vari- 
ous prices, but their superior sensitiv- 
ity and endurance are the same. You 
can depend on Engelhard Pyrometers 
to give sustained accuracy at low 
maintenance costs. They will go on 
saving money for you by preventing 
costly temperature errors long after 
the initial expense is forgotten. 
























Visit Thermocouples connect with Wall, or 


Booth 41 Switchboard, Indicators or Recorders, 
Power Show for which Engelhard frictionless, dead 
N. Y. C. beat galvanometer is used. This in- 
Dec. 3-8 strument is unusually rugged, has ex- 


tremely long life, requires no leveling, 
and can be used with resistance leads 
up to several hundred feet because of 
its high resistance. The Wall Indi- 
cator shown above has zero adjust- 
ment device and a dummy pointer to 
show the temperature required. It 
can also be furnished with control 
contacts for automatic temperature 
control or signal operation. 


Charles Engelhard, Inc. me, 


Engelhard Recorder 


90 Chestnut St. *t- Newark. N. J. and Indicator 







Standard 


for Clip this coupon to your letterhead and mail to us for illustrated 
30 years bulletins describing Engelhard Pyrometers. 


When writing to Charles Engelhard, Inc., please mention TRANSACTIONS 





ADVERTISING SECTION 


Exactly 
and Always 


Interstate has made hundreds of 
thousands of tons of alloy steels for 
large users who know steels as well 
as any steel manufacturer. And In- 
terstate constant quality has con- 
sistently met the rigid demands of 
the country’s largest users for 
years. You can depend upon it 
that Interstate precise manufac- 
ture will meet your particular re- 
quirements exactly—and always! 


INTERSTATE IRON & STEEL CO. 


104 South Michigan Avenue 
CHICAGO 


Interstate 
Alloy Steels 


Open Hearth Alloy Steel Ingots, Billets, Bars 
Wire Rods, Wire, Nails, Cut Tacks, Iron Bars 
and Railroad Tie Plates 


When writing to Interstate Iron & Steel Co., please mention TRANSACTIONS 
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ELECTRIC 


CPi Meee etme ie stake 


The ELECTRIC FURNACE ceo. 


Salem, Ohio 


SA ENR me 


When writing to Electric Furnace Co., please mention TRANSACTIONS 





ADVERTISING SECTION 


FURNACES 


For Every Requirement 


tt tas 
ned and installed for 
Tar Reus in 
STL) Ge ell at eel 
anal iving 


a LE LLL 


The ELECTRIC FURNACE Co. 


Salem, Ohio 


ern ee ees 


When writing to Electric Furnace Co., please mention TRANSACTIONS 
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CHAR 


CARBURIZING 
COMPOUNDS | 


-for 


Clean, Reliable 
and Economical 
Carburizing 


CHAR PRODUCTS COMPANY 


MERCHANTS BANK BUILDING 
INDIANAPOLIS, INDIANA 


When writing to The Char Products Company, please mention TRANSACTIONS 








ADVERTISING SECTION 





Cast iron speci- 


me n. Magnifica- 
tion 1500x. Note 
e a S the perfect defini- 


tion and flatness of 
field. 


BB order to have a thorough working knowledge of your metals, 
you must not only know the components, but you must know the 
proximity, size, shape and distribution of those components and 
their relation to each other. 


Here are some of the reasons why B & L Large Metallographie 
Equipment will most accurately and efficiently give you this in- 
formation. 


The fine adjustment carries the weight of the objective only and is 
free from the effects of heat from the illuminant. 


The weight of the specimen rests on a sturdy stage and pillar which 
ean be locked before the fine focusing is undertaken. 


An ingenious device eliminates all troublesome vibra- 
tion. Even in high magnifications and long photo- 
graphic exposures there is no change in the focus. 


Write for further detals. 


Bausch & Lomb Optical Co. 


601 ST. PAUL STREET, ROCHESTER, N. Y. 





When writing to Bausch & Lomb Optical Co., please mention TRANSACTIONS 
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Reliable 
furnace or oven 
production 
is assured by 
Spencer 
‘Turbo- 
Compressors 


— 4 


F = 
BS . 


“THE SPENCER TURBINE CO 


~ TURBO ~ 
505 NEW PARK AVE, | conmurssons | HARTFORD, “ 
2832 


When writing to Spencer Turbine Co., please mention TRANSACTIONS 





ADVERTISING SECTION 


G-R Quenching Oil Coolers 


assure uniform temperature of 
quenching oil and better results 
in quenching operations 


THE GRISCOM-RUSSELL COMPANY 


285 Madison Ave., New York 


Branches in principal cities 


| , HEPPENSTALL 
Q00QOl — STEEL 
t | DIE BLOCKS TRIMMER STEEL 
| RODS RAMS 
a e] | Acid Open Bit and 


Hearth Steel Jar Steel 
Housing Screws 


e | Ingots and main 
Exclusively ave Mill Drives 


Locomotive Shear Knives— 


Axles Hot and Cold 
Pins, Rods Cuttins 


Special booklets of | <> 

each of our twelve 
brands furnished on Heppenstall Forge & Knife Co. 
application. Pittsburgh, Pa. 


HEPPENSTALL FORGE CO. 
Bridgeport, Conn. 


HEPPENSTALL STEEL CO., 
Detroit, Mich. 


Offices in principal cities | 


When writing to the above companies, please mention TRANSACTIONS 
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BIND YOUR 
VOLUME XIV 


TRANSACTIONS 


(Complete with the December, 1928, issue, 6 numbers) 











As a service, members may have their TrRans- 
ACTIONS bound at cost by sending them to National 
Headquarters together with check for 


*2.00 


Back numbers can be supplied to complete your 
volume at 75c each 





Send your copies today as it is only by having 
a large number bound at the same time that this 
reasonable rate is possible. We will bind your Vol. | 
through 14 for you if you wish at the same rate. initia 


American Society for Steel Treating 


7016 Euclid Avenue 


CLEVELAND OHIO 





When writing to advertisers, please mention TRANSACTIONS 


TYPICAL example of PYRA- 
STEEL is this large casting 
used on the discharge end of ro- 
tary heat treating furnaces. It 
is continuously subjected to high 
temperatures and the scraping 
and pounding of the parts being 
this PYRASTEEL casting is six PYRASTEEL is the 
feet five inches and its weight is ee at ae 
1300 pounds. mand for a high 
grade heat resisting 
With our modern facilities, we alley at a moderate 
are able to make single steel cast-- € —e 
ings up to 6000 pounds which will 
surpass the expectations of the 
most discriminating buyers and 
users of steel castings. Let us 
tell you how we have cut foundry 
losses to less than 
2%, and how this 
saving is passed 


CHICAGO STEEL FOUNDRY 
COMPANY 


Send for Makers of alloy steel for twenty years 


. Kedzie Avenue at 37th Street 
ee maar! Chicago, Illinois 


Chicago Steel Foundry Co. 
Kedzie Ave. at 37th St. 


DAMN VERA cic” «= om 


PYRASTEEL. 
lor high temperature 


Geo. 0. De- 
sautels, in- 
dianap- 
olis, Ind, 


dianapelis TASST11-Gray 
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Hagan Furnaces Are Geared to the 
Specific Production Requirements of Every 


Plant in Which They Are Installed 


TRAIGHT-LINE production is an ideal of plant efficiency 
which is recognized throughout industry. In the Hagan 

Axle Heat Treating installation shown above, Hagan has applied 
the principle of straight line production to heat treating operations 
to an admirable degree. 
Automobile front axles weighing fifty pounds each are run 
through a Hagan continuous hardening furnace at the rate of 
eighty per hour. The heated axles are automatically quenched 
direct from the furnace after which they are passed through the 
Hagan continuous draw furnace. 
There are over thirty Hagan furnaces of this type in daily opera- 
tion in the large forge shops. Low heating costs, low labor charges, 
straight line production—all result in highly efficient heat treating 
operation. 


GEORGE J. HAGAN COMPANY 
Chamber of Commerce Building Pittsburgh, Penna. 
Detroit Office, 155 W. Congress Se. 

Chicago Office, 20 E. Jackson Blvd. San Francisco Office, 419 Call Bldg. 


HAGAN 


FURNACES 


When writing to George J. Hagan Co., please mention TRANSACTIONS 





ADVERTISING SECTION 


tL AICH CUulcan 
Modern TOOL STEEL 
Carburizers 


Best by Test OF TD Cl em 


Cyanide— 
All Grades 


Lead Coat— 
For Lead Baths 


Insulite— 
Prevents Carburizing When up against tt 


use “Unulcan 


4.0. Blaich Co. Vulcan Crucible Steel Co. 


A DETROIT, MICH. Aliquippa, Pa. 


| 7 Automobile and other Alloy 
a Steel Specifications are be- 
coming more and more ex- 

acting. 


It is necessary, therefore, to use the highest grade of 
raw materials entering into the construction of auto- 
mobiles, machine parts, etc. 


In the manufacture of our various metals and alloys, 
we must use, and do use, the highest grade of ores, 
oxides and aluminum. 

Tungsten Powder 97-98% Pure Chromium 
Pure Manganese - Ferro-Tungsten 


Ferro-Chromium % Ferro- Titanium 
Ferro-Vanadium 35-40% (1% Silicon) 


Send for Pamphlet No. 2021 


METAL & THERMIT CORPORATION 


120 Broadway, New York City 


Pittsburgh Chicago S. San Francisco Boston Toronto 


When writing to the above companies, please mention TRANSACTIONS 
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Pag ae pO ee AE >< ea ¢ RR 
in FR) PreK XK GRE 


High Speed Steel 


No change in name in 25 years of good service, but 
constantly improved by metallurgical progress 


FIRTH-STERLING SPECIAL 


The Tool and Die Steel of broad adaptability 


STERLING STAINLESS STEEL 


ean  Quanun@ smite avant 


A type for each purpose requiring corrosion-resistance 
We were the first in America to produce Stainless Steel 


OTHER TOOL AND ALLOY STEELS FOR SPECIAL PURPOSES 


FIRTH-STERLING STEEL COMPANY 
MAKERS OF FINE STEELS 
McKeesport, Pa. 


NEW YORK BOSTON HARTFORD 
PHILADELPHIA CHICAGO CLEVELAND 
DETROIT LOS ANGELES 


When writing to Firth-Sterling Steel Co., please mention TRANSACTIONS 














ADVERTISING SECTION 


WE CAN HELP YOU 


lf you want to improve your product ask us about the following: 


Carburizing Compounds 


Furnace Cements 
Cyanide Compounds (for Metal Cleaners 
cyaniding) 


P 
Krak Kase (For aoe” 
cyaniding : 
Lead Pot Carbon (for eee Stripper : 
covering Lead Pots) etergents and Special 
Tempering Oils Cleaners for all 
Tempering Salts (High purposes 
and Low Temperatures) Alloy Pots . 
Sodium Cyanide (96-98%) Copper & Zinc Cyanide 


Rubbing and Finishing Compounds for all lacquers 


PARK CHEMICAL COMPANY 


Metallurgical and Chemical Engineers 


DETROIT, MICH. 


lt Will Pay You to Use 


9 
1* Son, HARDENING TOOL NEL, 


WE ESPECIALLY RECOMMEND THIS GRADE FOR TOOLS REQUIRING A 
KEEN, DURABLE CUTTING EDGE, SUCH AS TAPS, REAMERS, THREADING 
DIES, BLANKING, PUNCHING, FORMING, AND TRIMMING DIES, MASTER 
TOOLS, GAUGES, AND FOR ALL PURPOSES WHERE TOUGHNESS, NON- 
SHRINKING, NON-DISTORTION QUALITIES ARE REQUIRED. 


ZIV STEEL & WIRE CO. 


2945-51 W. HARRISON ST., CHICAGO, ILL. 


S. C. & H. Industrial Furnaces 


(Oil—Electric—Gas) 


Stationary oven and continuous conveyor type with manual or auto- 
matic control; for annealing, carburizing, forging, hardening, heat- 


ing, spring heating, plate heating, oil tempering and melting soft 
metals. 


“Everything for the Heat Treating Room” 


es: ee THE STRONG, CARLISLE & HAMMOND Co. 


Heating, Case Furnace Manufacturers 
Hardening and 


Annealing Furnace 1394 West Third St. Cleveland, O. 


When writing to the above companies, please mention TRANSACTIONS 
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PLAN NOW 


to 


Attend 


the 
Western Metal Congress 


and 


Western States Metal and 
Machinery Exposition 


at 


LOS ANGELES 


JANUARY 14 to 18, 1929 


Aas 
QF 


When writing to advertisers, please mention TRANSACTIONS 





ADVERTISING SECTION 


Tecmo piss Columbia 


TOOL STEEL 


FINE STEELS 


CRUCIBLE PROCESS 


ane: 


Po 
and Mailing List Catalog 


Gives counts and prices on over 8,000 
different lines of business. No matter 
what your business, in this book you 


will find the number of your prospec- mes poy Lo ee ee 


tive customers listed. } 
Valuable information is also given as to GZ eG 
how you can use the mails to secure ‘ 
orders and inquiries for your products Batt a ascii 
or services. 
Write for Your FREE Copy i 
= i COLUMBIA TOOL STEEL COMPA? 
R. L. POLK & CO., Detroit, Mich. 


Largest City Directory Publishers in the Werld 
Mailing List Compilers—Business Statistics 
Producers of Direct Mail Advertising 


New Third Edition— Now Ready— 
STEEL and its HEAT TREATMENT 


By D. K. BULLENS, Consulting Metallurgist 


ULLENS’ justly famous book is now in its third edition. 564 pages 
It covers every phase of modern heat treatment practice. 6 by 9 
Here will be found data explaining the difference between 
combustion and generation of heat and the application of heat $5.00 
to useful work; the difference between ‘‘control of temper- 
ature’’ and ‘‘control of heat and heat-treated product’’; the : 
relation between temperature, time, mass and surface in the de- 
termination of a uniformly heated product, the influence of 
furnace design and operation on the quality and cost of finished 
product and the factors governing the selection of furnaces 
and fuels, and the use of both. New chapters have been added 
on Selection of Fuel and Electricity, Selection of Heat-Treat- 
ing Equipment, and Equipment for Heat-Treating. The latter 
chapter is one of unusual merit which aims to give a better 
understanding of the underlying principles which govern the 
selection of electrical heating equipment. 


For Sale by 


American Society for Steel Treating 


7016 Euclid Ave. Cleveland, Ohio 


When writing to the above companies, please mention TRANSACTIONS 
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68 Decam} 
CM Dey 


RODMAN PRODUCTS 


Case Hardening Compounds 

Longer life and uniform 
quality. 

Sealright 

A luting material that wil] not 
eorrode alloy containers. 

It prolongs their life indefi- 
nitely. 
Quenching Oil 

A faster oil with unusual 
quenching characteristics. 


Rodman Chemical Co. 


VERONA, PA. 
Detroit ......1001 Majestic Bidg. 
Rockford  ....700-702 Race St. 
Pittsburgh —..265 Maybrick St. 
Hartford The Stanley P. Rockwell Co., 
66 Trumbull St. 
Pacific Coast_. Waterhouse & Lester Co., 
San Francisco and Portland. 


When writing to Rodman Chemical Co., please mention TRANSACTIONS 





ADVERTISING SECTION 


High Temperature 


SERVICE 


panic a ths tin 


ge ‘\ th 


PO ee 
ae 


sey id Se) 


o "& 
é 


AHRITE is that specialized alloy developed for 
those heat resisting castings where failure would 
mean long, costly delays of tearing down and rebuilding. 
Fahrites longer life brings economy in reducing this non- 
productive overhead. 


In Fahrite are those qualities of great strength com- 
bined with a stubborn resistance to oxidation. Such ap- 
plications as stirring arms, pots, retorts, and furnace 
parts have been common uses for six years. Longer life 
in service and the resulting economy is the basis of 
Fahrites popularity and reputation. 


Insist on Fahrite for your next requirements. We 


offer the complete service—Patterns,—Castings,—Ma- ~ ja 
chining. 


THE OHIO STEEL FOUNDRY CO. 


SPRINGFIELD, OHIO 
SALES OFFICES 


New York--75 West St. St. Louis--Federal Commerce Trust Bidg. Springfield 
Philadelphia--22 S. 15th St. Houston 410 Union Nat’l Bank P ef 


Chicago~Peoples Gas Bldg. Los Angeles~-129 W. Second St. Lima 


Plants in 


When writing to The Ohio Stee] Foundry Co., please mention TRANSACTIONS 
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| eCembe 


Mahr Makes Outstanding Con. 


tinuous Furnace 
Installation 





SastntnnnnneEnEEnnEI I netinnabendnenenttnne.comeeneattimemnessee-aacsatietiimene eee nemee 
j eemne oe 


| 


The replacement of ba 
type furnaces with cm 
tinuous type as shown abow 
creates almost unbelievabid 
savings, decreases the nup 
ber of rejections, and in 
proves the quality of th 
finished product. 













LARGE amount of heat sisting of two furnaces and tw 
treating is being handled complete quenching mechanism 
by the batch method today that Qperating data shows that thé 
should be handled continuously. expectations of the purchasa 


Mahr engineers studied the were greatly exceeded. Mahr 


ager hy - oe Taha, engineers are equipped, capable, 
graph “wae taken The -result and ready to confer with you 


was the installation of two Mahr Tegarding your heat treating 
continuous units, each unit con- problems. 


MAHR. MANUFACTURING CO. 


1728 Second St., North s-2 Minneapolis, Minn. 

























We manufacture a complete line of industrial furnaces, including special 
continuous, conveyor or pusher type, also batch type furnaces. Mahr fur- 
naces are made to fit the special requirements of the customer. They operate 
economically and invariably produce results that please both operator and 


MAHR 


Industrial, Oil and Gas Burning Equipment 


When. writing to Mahr Mfg, Company, please mention TRANSACTIONS 





purchaser 
1. Mah 
,» capable, 
with you 

treating 


ADVERTISING SECTION 


MAIN OFFICE AND WORKS: DUNKIRK, N.Y., U.S.A. 


Products! OT E EL ror att 


TOOL 


HAMMERED 
HIGH SPEED TOOL STEELS 
ALLOYED TOOL STEELS HOT ROLLED PURPOSES 
CARBON TOOL STEELS COLD DRAWN 
DROP FORGED 


sk for Catalog 27Q ~‘Full of Valuable Data 


DISTRICT SALES OFFICES BIRMINGHAM, BOSTON, BUFFALO, CHICAGO, 
CINCINNATI, CLEVELAND, DETROIT, INDIANAPOLIS, LOS ANGELES, NEWARK NEW YORK, PHILADELPHIA 
PITTSBURGH, ROCHESTER, ST. LOUIS, SYRACUSE, WELLAND. 


say— 


“We have used ‘American’ 
Electric Furnaces for about 4 
years and find them very satis- 
factory, giving a more uniform 
draw than we have been able to 
get any other way.” 


“American” Electric Pot Furnaces installed at : . 
the Ferry Cap & Set Screw Co. Improved quality of work 


turned out, increased produc- 
tion, economy of operation—these are the reasons why the leading manu- 
facturers order and re-order “American” Electric Pot Furnaces. Send for 
Bulletin 28-8. 


American Metallurgical Corporation 
27 Von Hillern St. $3 Boston,Mass. 
2414 


When writing to the above companies, please mention TRANSACTIONS 
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Combe 


OUT OF OUR FOUNDRy 


A\ SERVICE 
BEYOND a 
MERE FOUNDING ate Sk 


Bos’ 


HE multiple units pictured above are parts of a pack con- 
veyor furnished by us to one of the largest sheet manu- 
facturers. These parts are made from special alloys designed 
to withstand a continuous temperature of 2000 degrees F. in 
an atmosphere high in sulphur content. Our alloy NA-1 has 
proven remarkably successful in such service. 








The service offered by the National Alloy Steel Co., is in- 
finitely greater than the casting of alloys to resist oxidation, 
corrosion and abrasion. In a word, from the day you place 
your order with us until the castings roll out of our foundry 
to you, we are your foundry with all the resources of its lab- 
oratories, skilled technicians, electric furnaces and equip- 
ment at your command. 








Our present measure of progress is due we believe, beyond all 
other reasons, to our desire, ability and success in rendering 
a service beyond mere founding. May we have an oppor- 
tunity of bidding on your next inquiry? 


NATIONAL ALLOY STEEL Co. 
BLAWNOX, PA. 


When writing to National Alloy Steel Co., please mention TRANSACTIONS 


ADVERTISING SECTION 


JESSOP’S GENUINE SHEFFIELD STEELS 


Manufactured in Sheffield, England © 
Since 1774 


Geo 


a Dp NS Best Cast Steel (Yellow Label) 
Green Label Cast Steel 


Black Label Cast Steel 


r : = oA i Sheet Tool Steel 
Superior Oil Hard’g, Non-Shrink Steel 


Superior “ARK” High Speed Steel 
Best Quality Circular Plates 
Special Alloy Tool Steels 


WILLIAM 
JESSOP & SONS, INC. 


Main aa 91 John St., New York 


High St. Hotere” .6189 Hamilton Ave. 
1087 , Fulton St. San Francisco. .20 Natoma St. 
Toronto, Canada. .59 Frederick St. 


AGENCIES AND STOCKS THROUGHOUT THE UNITED STATES _ 


ERICHSEN TESTING MACHINES 
Standard the World Over 


For the Determination of the Drawing, Stamping, 


Compressive and Folding Qualities (the ‘‘Work- 
ability’’) of Sheet Metals. 


Know your Metal 
Save time and save money 


THE BOCK MACHINE CoO. 
3618 Colerain Ave. Cincinnati, O. 


PRESSED STEEL POTS 


Most Economical for 


Salt, Lead & Cyanide Baths 


Write for Attractive Prices 


The Case Hardening Service Co. 


2281 Scranton Road Cleveland, O.. 


When writing to the above companies, please mention TRANSACTIONS 
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N hardening the races for thrust bearings the ma- 

chine shown above replaced three pot furnaces. E U 
One man is required to operate instead of three, and | D ; 
the same high standard of quality is obtained. ae 
ity 
As reported by A. C. Nielsen Company, the well- B screw 
known survey engineers, the net annual return on | 
the total investment in heating machine and quench- oul 
ing tank is 286%. The cost of heat treating was re- hee E 
duced 68%. The name of the company where this 5 COMM 
remarkable reduction in heat treating costs has been pis us 
accomplished will gladly be furnished on request. indic 


S eral 
4 


AMERICAN GAS FURNACE CO. § ..,. 
ELIZABETH, N. J. | ail 


fron 


chine 


spe ] 
r Heating Machines | 
Be stand Zi Melting Furnaces : nate 
Boosters, Gas Muffie Furnaces A 
Brass Melters Oil-Tempering Furnaces : on 
Brazing Furnaces and Tables + cen wom H 
We Make Burners Gast i oe aa bias 

Burners for Electric caine Warences 

Automatic Heat Con- Lamp Bulb Manufacture ng 


ee ; Sweep Reducing Furnaces F: 
trollers Grenide Fe Machines Tube-Heating Furnac E 
Automatic Quenchin anide Furnaces ery Type t E 

Tanks . Cylindrical Furnaces er oe 


Heating Machine for 


Blowers Forges 
Forges, Glass Bending Industrial Uses. 





When writing to American Gas Furnace Co., please mention TRANSACTIONS 


ADVERTISING SECTION 


URING heat treat- 

ment of high qual- 
ity dies, tools, machine 
screws, and various ma- 
| chine parts, the Bristol’s 
equipment shown in ac- 
'companying illustration 
Fis used to automatically 
indicate, record and control the sev- 
eral phases of heat application. 


Thermostat 


Under such control, each batch of 
material is uniformly treated. Loss 
from “rejects,” “seconds,” and 
spoiled material is virtually elimi- 
nated, and standardized production 
on a high quality basis made possi- 
ble. 


Control panel 
Controllers ; 
Multipie Record Pyrometer. 


includes 4 Pyrometer Controllers; 2 Thermometer 
Indicating Pyrometer and Strip Chart 


The very excellent performance of 


this equipment once more stamps 


the simple design and rugged con- 


struction of “Bristol’s” as_ ideal 
where trouble-free operation is de- 
Have Bristol’s Sales Engi- 
neers develop control possibilities in 


YOUR plant. 


sired. 


No obligation. 


The Bristol Company 


Waterbury, Connecticut 
Ra An oS RR cm 


When writing to The Bristol Company, please mention TRANSACTIONS 









The demand became too great. 
More and more manufac- 
turers were attracted by 
Timken’s pledge and policy— 
Good Will Based on Good Steel. 
—Andsoanother plant is added 
to relieve the strain. It is a boy 
in years, a giant in size. It pos- 
sesses all the elasticity of youth 
guided by the maturity of men 
who have devoted their lives 
to Timken superfine alloys. 


Year after year Timken’s policy 
has been to develop steels as 
fine as they can be made—steels 
that havea particular suitability 
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The Plant that Demand Built 


When writing to The Timken Steel and Tube Co., please mention TRANSACTIONS 


to serve a certain purpose with 
greatest durability and least 
cost. That is the way Timken 
defines Good Stee/. 


Based upon this policy, demand 
has grown and Timken capac- 
ity has grown with it. 


This latest addition is but the 
concrete expression of a deter- 
mination to excel in steel, and 
service as well. 


The Timken Steel and Tube Company 
CANTON, OHIO 
New York 


Makers of Either Superfine Electric Furnace 
or Open Hearth Steels 


TIMKEN 
STEEL 


Detroit Chicago Los Angeles 






ADVERTISING SECTION 


JESSOP STEEL CO. ECONOMY 


SS FoR. Tools NOF EVERY PRESSED STEEL 


Head Office and Works 


WASHINGTON, PENNA. 2 @) 32 . 


NEW YORK CITY OAMBRIDGE, MASS. 

52 West St. 292-298 Main St. 

DETROIT, MICH. TORONTO, ONT. 

9905 = Sf 125 St. Patrick St. , ; 

208 Ate, O. CHICAGO, ILL. Last longer because 
3 E. Second St. 230 N. Jefferson St. Ea é ‘ . : are 

HAMILTON, OAN. PHILADELPHIA, PA. q made from %” metal 

50 King William St. 1230 eee * BS : 

CLEVELAND, OHIO YOUNG N, O. ‘ , eae , ei 
1277 W. Ninth St. 23 E. Commerce St. Bee price Ww ill reduce 


DAYTON, OHIO P. O. Box 233 : . yAelets heat treating cost 
AMERICAN CAll sizes in stock 


‘“JESSOP’S”’ 
TOOL STEEL 


ult os : 3000 WALLACE STREEI 
" CHICAGO 

se with 

1 least 

“imken 


emand 

= THE VICKERS 
a HARDNESS 

hes TESTING 
land & 3 J MACHINE 


provides a proportional and ab- 

solute standard of hardness by 

the plastic indentation method. 

There is nothing empirical about 

ce a ™ it. It will test difficult specimens 

ih. 1 such as sheets under .007” thick; 

SS - f gear teeth on the working face; 

finished coil springs, etc., with- 

out damage. It is semi-direct 
reading and very fast. 


ompany 


Los Angeles 


Catalogues can be obtained from the sole distributors: 


EASTERN STATES & NEW YORK: 
The Riehle Bros. Testing Machine Coy., 1424 N. Ninth Street, Philadelphia, Pa. 


MIDDLE WEST, including PITTSBURGH: 
Mr. W. T. Bittner, 19 So. La Salle Street, Chicago, Ill. 


CANADA: Messrs. Williams & Wilson, 84 Inspector Street, Montreal, P. Q. 


» N 
L 


When writing to the above companies, please mention TRANSACTIONS 
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There’s a Hevi Duty repre- 
sentative in your territory. He 
will gladly go into details re- 
garding this wonderful magnetic 
detector. In the meantime clip 
the coupon and send for Bul- 
letin 1228. 


MILWAUKEE, WIS 


New York Chicago Detroit 
Philadelphia Pittsburgh 


The Hevi Duty Electro-Magnetic fur- 
nace finds ready applicaton in metallurgi- 
cal laboratories to determine and estab- 
lish the best working cycle for effective 
heat treatment. In testing, the temper- 
atures applied in production are dupli- 
cated. The exact rate of heating is re- 
produced. Therefore, the data obtained 
can be applied to production, with the 
assurance that the excellent test piece of 
the laboratory will be a fair sample of 
the work of production. 


Cleveland PA 


St. Louis .” 
Montreal, Canada, The Holden Co. Ltd. it 


When writing to Hevi Duty Electric Co., please mention TRANSACTIONS 
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FINE ALLOY and SPECIAL STEELS 


HERE 


the goal 
is not 
‘tonnage 


Bethlehem’s Department for making fine Alloy and 
Special Steels is a well-defined unit, with its own 
open hearths, rolling mills, and metallurgical staff. 


The production of alloy and special 
steels is handled by Bethlehem in a sepa- 
rate department with its own open hearth 
furnaces, rolling mills, metallurgists, and 
system of inspection and tests. 


A department devoted exclusively to al- 
loy and special steels and operated by 
specialists is of course a decided advan- 
tage. But more important is the fact that 
the department, as a unit of the Bethle- 
hem organization, has unmatched facili- 
ties to draw on—especially raw material 
sources, metallurgical ability and, most 
valuable of all, a vast amount of steel- 
making experience. 


The term ‘‘tonnage,’’ so much used in 


the steel industry, means but little in Beth- 
lehem’s Alloy and Special Steel Depart- 
ment. For the steels made here are des- 
tined to be placed in tasks involving ex- 
ceptionally grave responsibilities. Thou- 
sands of dollars in property, human lives, 
will depend on the strength, soundness, 
and uniformity of these steels. They must 
not fail. 


For more than half a century it has been 
the business of Bethlehem Steel Company 
to produce steels that do not fail. No won- 
der that alloy steel users are more and 
more entrusting the safety and reputation 
of their product to alloy steels made by 
Bethlehem! 


BETHLEHEM STEEL COMPANY, General Offices: Bethlehem, Pa. 


DISTRICT OFFICES 


New York 


Boston Philadelphia 
Buffalo 


Cleveland Detroit 
Los Angeles 


Baltimore 
Cincinnati 
Seattle 


Washington 
Chicago 
Portland 


Atlanta 
St. Louis 
Honolulu 


Pittsburgh 
San Franciseo 


Bethlehem Steel Export Corporation, 25 Broadway, New York City, 
Sole Exporter of Our Commercial Products 


BETHLEHEM 


When writing to Bethlehem Steel Company, please mention TRANSACTIONS 
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“B” Temper No. 2 Analysis 


am 


For Constant Mesh Gears 


This .40 carbon chrome-man- 
ganese alloy steel presents excellent 
machining qualities for use in auto- 
matics. 


Light running gears may be 
manufactured from “B” No. 2 without 
heat treatment. For gears subjected to 
harder wear we have developed a 
special oil-hardening treatment. 


Stock or mill shipment in 
any diameter or finish 


WHEELOCK, LOVEJOY & CO., Inc. 


CAMBRIDGE NEW YORK CLEVELAND CHICAGO 


When writing to Wheelock, Lovejoy & Co., please mention TRANSACTIONS 
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WESTERN METAL CONGRESS 


the semi-annual meeting of the A. S. S. T. and meetings of 12 
other societies 


WESTERN STATES METAL AND MACHINERY EXPOSITION 
an Exposition for Western America 


A SPECIAL TRAIN leaves Chicago, January 7, over the Santa Fe 
via the Grand Canyon 


Write today for information 


American Society : 7016 Euclid Avenue 
Cleveland, Ohio. 


for 
Steel Treating 


When writing to advertisers, please mention TRANSACTIONS 
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EXPERIENCE 
WRITES THE 
SPECIFICATIONS 


THE STANLEY RULE & LEVEL PLANT 
Uses Nickel Alloy Steel Gears in Heavy Duty Drills 


Nickel Alloy Steel 


duty hand drill, 


Stanley heavy duty 
electric drill manu- 
factured by The 
Stanley 

Level Plant, New 
Britain, Conn. 


Send for ‘‘ Buyers’ 
Guide to Nickel Alloy 


TANLEY heavy duty electric drills are de- 
signed for the hardest kind of drilling in 
both metal and wood. The gear reduction 
in these hand drills is from 13,700 R.P.M. 
from the motor to 550 R. P.M. on the chuck, 
which places severe stress on high speed parts. 
All gears in Stanley heavy duty drills are 
made of Nickel Alloy Steel. Because of its 
toughness, strength and high impact and 
fatigue values, Nickel Alloy Steel insures ex- 
ceptional wear-resistance and freedom from 
breakage in this grueling service. 

The performance records of Nickel Alloy 
Steel parts used by leading manufacturers are 
conclusive evidence of the dependable me- 

chanical properties of 
these alloys. The expe- 
rience of representative 
users has contributed 
to an extensive fund of 
valuable technical data. 
You are invited to con- 
sult our engineers and 
draw upon this helpful 
information. 


List of available 
publications on 
Nickel and its 
alloys furnished 
on request. 


FOR ALLOY STEEL Write for it! 


When writing to International Nickel Co., please mention TRANSACTIONS 
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Foundation 
Furnaces 


FOR HEATING AND 
HEAT TREATING 


Malleable Iron 
Annealing 
Furnaces 


Continuous and 


Batch Type 
Furnaces 


Ceramic Kilns 


Special High 
Temperature 
Furnaces 


DESIGNED, BUILT, 
INSTALLED 


THE CARBORUNDUM COMPANY, PERTH AMBOY, N. J. 


ONTINUOUS enameling furnace 
heated by radiation from Carbo- 
frax chambers. 


Used for enameled stove parts—18 to 
24 gauge metal. 


Temperature in hot zone, 1730° to 
1750° Fahr. 


Production 2242 square feet per hour. 


Operating fuel cost less than $1.00 per 
1000 square feet of white ware. 


Furnaces turning out 97% firsts. 


Designed, built, installed by the Car- 
borundum Furnace Engineering De- 
partment for the American Stove 
Company at Cleveland, Ohio. 


Carborundum is the Registered Trade Mark of The Carborundum 
Company for its Silicon Carbide and is its exclusive property 


When writing to The Carborundum Company 


; please mention TRANSACTIONS 
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Lectures 


STEEL AND ITS 
TREATMENT 


By 
JOHN F. KELLER 
Steel Specialist, Engineering Extension 

Department, Purdue University 


and 


Director of Engineering Extension Work, 
American Society for Steel Treating 












LECTURES ON STEEL AND ITS TREATMENT is the written record of a 
course of six lectures that Mr. John F. Keller has given during the past eight 
years to over 9,000 men in several hundred industrial centers of this country. 
These lectures cover the fundamental operations of steel making, mechanical 
working, forging, and heat treating. They are written in nontechnical, easily 


understandable language for practical men, engineers and shop men who have 
not been trained in metallurgy. 


Mr. Keller’s years of experience as a blacksmith and his years devoted to the 
study of shop problems form the structure upon which these lectures have been 


written. It may be summed up in the sobriquet so often applied to Mr. Keller, 
‘*The Learned Blacksmith.’’ 


These lectures bring to the reader the key to the complex and intricate problems 
that daily confront him. They penetrate the mysteries surrounding the behavior 
of iron and steel, and enable him to read the wealth of literature that is avail- 
able in nearly every library. The lectures are profusély illustrated with 
examples, diagrams and well selected illustrations. 


CONTENTS : 


Melting the Steel and Working the Ingot 
Mechanical Working of Iron and Steel 

Structural Changes on Slow Cooling 

Determining of Critical Points and Physical Testing 
Hardening, Quenching and Carburizin 

Warping, Cracking and Shrinking of Steel 

Spark Test Described in Detail 


267 pages. 6 x 9. 166 figures. Cloth bound. 
Price $3.50, postpaid in the U. S. A. 


Order your copy today, sending cash with order 


American Society for Steel Treating 


7016 EUCLID AVENUE, CLEVELAND, OHIO 



























































































When writing to advertisers, please mention TRANSACTIONS 
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Back Volumes 


We can supply the following: 


Vol. II (complete) of Proceedings— 
Steel Treating Research Society 


$5.00 (unbound) 


Vols. I and II (complete) Journal— 
American Steel Treaters Society 


$7.50 each (bound) 


Vols. II through XIII TRANSACTIONS 
American Society for Steel Treating 


$10.00 each (bound) 


Send orders to 


AMERICAN SOCIETY 
for STEEL TREATING 
7016 Euclid Avenue 
Cleveland, Ohio 
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DISTINCTIVE ALLOYS FOR 
RESISTING HEAT, ACID, 
AND FOR ELECTRICAL 
RESISTANCE PURPOSES 


FIRE ARMOR ZORITE 
No. 48 ALLOY 
That good work, conscientious- 
ly done, merits reward, is evi- 
denced by the increasing call 
from large organizations for 
advice as to the proper de- 
signs and the most appropri- 
ate materials for use in large 

installations. 

Economic principles will main- 
tain. 

Specialists in design, applica- 
tion, and manufacture of the 
highest quality alloys. 


CHROBALTIC TOOL CO. 
DETROIT MICHIGAN 


® | Offices in large industrial centers | & 


ROCKWELL DILATOMETER 


A pplied to 
Gas Furnaces for Precision Heat-Treatment 


HE ROCKWELL 

DILATOMETER can 

be attached to any open type 

gas furnace at very little ex- 
pense. 


The Dilatometer automatically 
tells the operator when to 
quench, prevents breakage and 
reduces distortion to a mini- 
mum. 


Write for particulars 


THE 
STANLEY P. ROCKWELL 
COMPANY 
Hartford, Conn. 


Representatives in all | 
Industrial Centers 


When writing to the above companies, please mention TRANSACTIONS 
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Application for Membership in the g& 
American Society for Steel Treating 
7016 Euclid Ave., Cleveland, Ohio 


(See Opposite Page for Classification) 


. : : Member “as . 
I hereby make application for Guetaining | * membership in the above 


Society and attach herewith $ for dues to March first next, according 
to the table on reverse side of the sheet. I agree, if elected, that I will b. 
governed by the Constitution, By-Laws and Rules of the Society as long as ] 
continue to be a member. I furthermore agree to promote the objects of the 
Society so far as it shall be in my power. 


Signature of Applicant 


The annual duest for membership, payable in advance, are: 


For Member $10.00 
For Sustaining Member, not less than 


Dues Until March First Next Must Accompany Application 


(See table on next page) 


Please print 


A I a Sete s Cis SU Sale Peni ee Pid obs wae bie c cece ccs 


To which Chapter do you wish to belong? 


Home Address 


Sustaining Members please designate a representative here 
Endorsed by 
If candidate does not know uny member of the Society, a reference will be satisfactory 


All members in good standing will receive TRANSACTIONS and a bound volume of 
the HANDBOOK issued during the period of such membership 


*Special application form for Junior Membership will be sent on request. 


+$5.00 of the annual dues is for one year’s subscription to the TRANSACTIONS of the 
American Society for Steel Treating. 


(See opposite page) 


When writing to advertisers, please mention TRANSACTIONS 
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CLASSIFICATION OF MEMBERSHIP 
AMERICAN SOCIETY for STEEL TREATING 


The following paragraphs from the Constitution should enable you to 
properly fill the application form on the opposite page: 


Art. IV. Section 1. (c) ‘‘A MEMBER shall be a person twenty-one 
years of age or over, who is engaged in work related to the manu- 
facture or treatment of metals, or the arts connected therewith.’’ 


* * » * 


(d) ‘‘SUSTAINING MEMBERS shall be those persons, firms 
or corporations, who, because of exceptional interest in the work 
of the Society, contribute the annual dues of Sustaining Members 
as hereinafter set forth.’’ 


Membership in this class will be awarded to those who contribute a 
minimum of $25.00 yearly, and will be acknowledged by printing the firm 
or member’s name (if the Sustaining Member be an individual) in each 
issue of the Society’s TRANSACTIONS under the caption ‘‘Sustaining Mem- 
bers’’, A large number of firms holding Sustaining Memberships are pay- 
ing annual dues of $100.00 per year. 


The Sustaining Membership is designed as additional support for local 
chapters. All over $6.50 of each Sustaining Member’s dues is returned to the 
local chapter. 


Each Sustaining Member, if a corporation or partnership, should desig- 
nate on the application some individual to represent the firm. The Sustaining 
Membership carries with it the privileges of the Society for but one person, 
who votes in the name of the company, and who receives the publications 
and other data. This designation may be changed at the will of the com- 
pany by notifying the National Office. 


(e) ‘‘A JUNIOR shall be a person interested in, or engaged 
in work related to the manufacture or treatment of metals or the 
arts connected therewith, who is either (1) under twenty-one years 


of age or (2) whose principal occupation is attendance as a student 
at some institution of learning.’’* 


Dues $2.50 per annum. This fee includes subscription to The TRans- 


ACTIONS and the privilege of purchasing one copy of the bound HANpDBOOK 
for $2.50. 


*Special application form for Junior Membership will be sent on request. 


Table of Dues to March First Next 


Application Made Between Dates Below Should be Accompanied by Dues to March 1st Next 
For Member Sustaining Members 
Annual Dues $10.00 Annual Dues $25.00 Annual Dues $50.00 Annual Dues $100.00 


. 15 to Jan. 14 $ 1.67 $ 4. a $ 8.33 

. 15 to Feb. 14 0.83 ; 4.17 

. 15 to Mar. 14 10.00 ‘ 50.00 

. 15 to Apr. 14 ‘ .92 45.83 

. 15 to May 14 : 20. 41.67 

15 to June 14 f 8.75 37.50 
June 15 to July 14 é 33.33 
July 15 to Aug. 14 82 . 29.16 
Aug. 15 to Sept. 14 ‘ ; 25.00 
Sept. 15 to Oct. 14 : ; 20.82 
Oct. 15 to Nov. 14 33 38 16.67 
Nov. 15 to Dec. 14 ; ; 12.50 


When writing to advertisers, please mention TRANSACTIONS 
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HARDNESS 
TESTING 


Should Be Done With 


PRACTICAL UP-TO- 
DATE EQUIPMENT 
ON BOTH METALS 
AND RUBBER, ETC. 












The Durometer and Elastometer 




















O not experiment, 


but demand the best 
and most approved com- 


mercial means. For 
Metals and rigid ma- 
terials, send for our free 
booklet on the Sclero- 
scope. For Rubber and 
pliable materials, our 
Bulletin R-2 is free upon 
request. 


The 


Shore Instrument 
& Manufacturing 


Co. 


Van Wyck Avenue and Carll Street 
JAMAICA, NEW YORK 


Agents in All Foreign Countries 


































Scleroscope Model D 































Scleroseope Model C Testing Set 


When writing to The Shore Instrument & Mfg. Co., please mention TRANSACTIONS 
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MICROSTRUCTURE of S.A.E. STEELS 





AFTER 
| Recommended Heat Treatments 
SS | By Prof. ALBERT SAUVEUR and Mr. E. L. REED | 
i Contains 166 Photomicrographs 
J | CONTENTS ! 
ith S. A. E. Recom- ! 
mended Heat ; 
‘O- Treatments : 
NT | Including ) 
LS oT Case Hardening : 
_ | Hardening and : 
Toughening : 
Miscellaneous | 
> Special 
nt, , 2 ; 
est Taio 
_ | Uses and | 
or . Application of . 
nNa- | S.A.E. Steels 
a ea | 
rO- Temperature . 
Conversion : 
nd Tables 
ur : ve 
on Brinell Hardness : 
Numbers ; 
Chart is 60 x 62 inches, Printed on Enameled Paper, | : 
Backed with Canvas, and Equipped with Roller Ends. 
This Chart is an authoritative, ready reference containing 
all S. A. E. microstructures. It is a standard against which 
' ' || | results can be compared. It is a complete assembly of Stand- | 
nt ' || ard commercial structures of the S. A. E. Steels under S. A. E. 
| || Recommended Heat Treatments. 
ng ; | It is for the laboratory, the metallurgist, the instructor and 
, | the student. 
0. | PRICE $10.00—Postage Paid in U. S. A. 


Chart with spring roller and metal case, 4” diam. x 63” long Price, $15.00 


treet 


Send in your check today for one of these charts to the 


American Society for Steel Treating 


7016 Euclid Ave. Cleveland, Ohio 





When writing to advertisers, please mention TRANSACTIONS 
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HUMP 


Hardening 
Furnaces 























Get Quality Impossible by Any Other Method 


T= Pacific Gear & Tool Works, Inc., San Francisco, California, are 
completely ‘‘sold’”’ on the merits of their Hump installation. They 

are hardening reamers, taps, dies and gears—getting uniform results; 

producing thoroughly dependable parts with minimum difficulty. 




















Up to four years ago they used oil and gas. Now they get quality 
impossible with the furnaces previously used, because the “‘Hump” 
makes it so easy to know not only the arrival of the critical point of the 
steel, but to determine the proper distance above this point for quench- 
ing. And with exact control of the rate of heating, distortion and break- 


age are almost unknown, rejects after hardening are practically elim- 
inated. 



























If you're interested we would like to send you 
Catalog 90-S, which gives complete details of the 
Hump Hardening Method—makes it easy to 
understand the “user enthusiasm” it evokes. 


















LEEDS & NORTHRUP COMPANY 
4901 STENTON AVENUE PHILADELPHIA, PA. 


LEEDS & NORTHRUP 


F-103 BRANCH OFFICES: CLEVELAND, CHICAGO, HOUSTON, LOS ANGELES, SAN FRANCISCO 






When writing to Leeds & Northrup Company, please mention TRANSACTIONS 
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INDEX TO ADVERTISEMENTS 


{merican Gas Association 

> American Gas Furnace Co. 
\merican Metallurgical Corp. 
{tlas Steel Corp. 
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Case Hardening Service Co. 
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Chicago Steel Foundry Co, 
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Electric Furnace Co. 
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Leitz, Inc., E, 
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Rodman Chemical Co. 
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Shore Instrument & Manufacturing Co. 
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Surface Combustion Co. 

Swedish Crucible Steel Co. 
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Vickers Ltd. 
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HEVI DUTY 


equips with 


D-H Alloys 


The carburizing furnace, illustrated 
at top of -page, is equipped with 
cast “Nichrome” wherever heat- 
resisting alloy was necessary. 


The furnace in center of page is a 
heat-treating furnace also equipped 
with cast “Nichrome.” 


The furnace shown in lower left 
hand corner is an electric furnace 
equipped with “Chromax” ails. 
“Chromax” is the Driver-Harris 
alloy suitable for use at moderate 
temperatures. 


Driver-Harris Alloys are bringing 
economy results in hundreds of 
plants under widely varying operat- 
ing conditions. 


DRIVER~HARRIS COMPANY 


HARRISON, N. J. 


Chicege - Detrom ° Morristown. 4. ° England + France 
Cleyelane Jtaly 


Write us for information on 
“Nichrome” 


When writing to Driver-Harris Co., please mention TRANSACTIONS 





the lush bois want it 


The moment ready 
Hoadaprpaerb ar dns 5D. gaudy 


Likewise, at your will, it is instantly and 
completely extinguished. 


When you use there is no carrying 


over of fires periods when heat is 
not 


Not is tina leet bi Gitngidy's fine up 00 
the required temperature. 


This Seniee Mane of wre Sor jotantel 


More than that, the flexibility of gas, 


which makes possible this very feature, 
insures perfect temperature control for 
every manufacturing process. 


ates aatprnlty, this this makes for improved 
products and fewer rejections. 
all the many advantages 


by gas—of which these wees 
Gak bos wonder © that icons ewe 
000 different 


day gas in 
ways! 
tell you how ‘gas can be em- 


eer ye plant. Tele 
i r inquiry wi 


you. 


Your local gas company will be ging 00 
ad ants 


tion 


For free copy of book, “Industrial Gas Heat”, address 
American Gas Association 
420 Lexington Avenue, New York City 
Tou | CAN DO IT BETTER WITH GAS 
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The New Lavite Electric Furnace 


The heat is generated by the current passing thru the bath itself. This method of 
heating at once eliminates the necessity for the pot and its surroundings being hotter than 
the bath. The heat is generated right in the bath, where it is desired, and the temperature 
gradient is downhill all the way from the bath out through the pot and support. Also, the pot 
can be mounted in~a heat insulating support with no limit to its thickness, which means 
great economy in power consumption, and protects the pot on the outside from the atmos 
or so that, coupled with the lower pot temperature for a given bath temperature, the 
ife of the pot. is prolonged indefinitely. F 


This method achieves almost ultimate simplicity, for there is no apparatus at all around 
the pot—no burners, mo chambers, no coils, no water cooling with, its supply and waste 
pee oct hind but the bare pot set in a heat insulating support, with an electrode dipping 


Since the heat is not forced to flow through the pot wall into the bath, there is no limit 
to the amount of heat which can be suena - Power.can be. put. in at a rate to permit 
production as fast as the pieces can absorb heat from the bath, without any overheating of 
the furnace structure and there is no limit to the size or shape of pot. 


Let us advise you, without obligation, how to apply it to your heat treating. 


Bellis Heat ‘Treating Co. 


BRANFORD, CONN. 
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